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PEEFACE. 


Thb  experience  derived  from  many  years'  laboratx)ry  teach- 
ing has  led  us  to  consider  that  the  course  of  Quantitative 
Analysis,  hereafter  described,  will  be  useful  to  chemical 
teachers  and  students  and  to  others. 

It  will  be  seen  that  the  course  ordinarily  adopted  has  not 
been  modified  to  any  considerable  extent,  but  au  attempt 
has  been  made  to  introduce  recent  methods  and  apparatus. 

It  has  also  been  our  endeavour  to  render  the  descriptions 
of  methods  and  processes  as  intelligible  as  possible.  We 
have,  accordingly,  carefully  introduced  all  necessary  practical 
details,  and  have  illustrated  the  text  by  numerous  original 
engravings.  The  book  has  at  the  same  time  been  kept 
within  moderate  dimensions  by  omitting  unnecessary  theo- 
retical matter;  and  by  inserting  only  typical,  useful,  and 
well-accredited  methods,  instead  of  attempting  to  describe 
all  the  different  processes  in  use. 

The  analytical  processes  described  in  the  text  have  been 
repeatedly  carried  out  by  our  students,  who  have  supplied 
many  of  the  results  of  analyses  which  appear  in  paragraphs 

746-773. 

We  have  freely  used  the  standard  treatises,  monographs, 

and  original  memoirs  on  the  subjects  treated  of :  and  have 
recommended  the  student  to  refer  to  these  sources  of  in- 
formation, when  necessary,  for  further  details.  A  list  of 
the  more  important  works  of  reference  will  be  found  in  para- 
graph 802. 

The  book  is  intended  to  supplement  rather  than  to  replace 
oral  instruction  and  demonstration  by  the  teacher ;  but  it  is 
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confidentlj  anticipated  that  it  will,  in  a  somewhat  unusual 
degree,  diminish  the  tutorial  work  of  the  teacher,  and  remove 
the  practical  difficulties  of  the  student. 

The  subject-matter  has  been  arranged  in  seven  principal 
Parts,  which  are  subdivided  into  sixteen  Sections. 

Part  I.  deals  with  the  various  Preliminary  and  General 
Operations  which  are  employed  in  Analysis;  such  as,  the 
Use  of  the  Balance,  the  Determination  of  certain  Physical 
Constants,  the  Preparation  of  Substances  for  Analysis,  the 
Ordinary  Processes  employed  in  Analysis,  and  the  Prepara- 
tion of  Pure  Substances ;  also  General  Rules  to  be  observed 
in  Working  and  in  the  Entry  of  Work. 

Part  II.  is  devoted  to  Gravimetric  Analysis.  A  descrip- 
tion is  given  of  the  most  important  Simple  Gravimetric 
Estimations,  together  with  others  of  less  importance  which 
are  distinguished  by  being  printed  in  smaller  type.  Those 
determinations  which  resemble  one  another  have  been  classed 
together.  This  arrangement  has  been  adopted  in  order  that 
unnecessary  repetition  in  description  may  be  avoided,  and 
the  greatest  convenience  in  reference  may  be  secured.  The 
analytical  methods  have  been  generally  placed  in  the  order 
of  their  increasing  difficulty. 

Part  III.  treats  of  Volumetric  Analysis.  It  commences 
with  an  accoimt  of  the  Measuring  Vessels  used  for  liquids, 
and  their  Calibration.  A  description  of  the  preparation  of 
Standard  Solutions  follows.  Various  simple  processes  of 
Volumetric  Estimation  complete  this  part  of  the  book. 
These  are  grouped  in  such  a  way  as  to  associate  those  estima- 
tions which  are  made  by  means  of  the  same  solution,  or 
which  depend  upon  similar  chemical  reactions. 

Part  IV.  contains  descriptions  of  more  Complex  Quanti- 
tative Estimations.  Some  of  these  are  Gravimetric,  others 
Volumetric,  and  others  again  are  mixed  in  their  character. 


These  processes  are  selected  as  being  tjpcal ;  they  represent 
in  the  main  those  which  a  student  should  carry  out  in  order 
to  get  a  useful  knowledge  of  quantitative  methods,  for 
scientific  and  technical  purposes.  They  include  the  Analysis 
of  Ores,  of  various  Industrial  Products,  of  Water  and  Food, 
and  of  Organic  Substances. 

Part  y.  treats  of  Gas-Analysis.  It  has  been  restricted  in 
its  scope  to  the  more  simple  methods,  many  of  which  are 
now  commonly  applied  to  technical  purposes.  The  omission 
of  the  more  elaborate  methods  has  been  decided  upon,  partly 
because  an  abstract  of  such  processes  is  almost  useless,  and  a 
full  description  would  have  added  to  the  dimensions  of  the 
book  somewhat  seriously;  partly  also  because  admirable 
accounts  of  these  methods  are  at  the  disposal  of  the  student 
in  several  of  the  standard  works  referred  to  in  para- 
graph 802. 

Part  YI.  contains  certain  Typical  Results  of  Analyses.  It 
also  contains  a  series  of  Tables  of  Constants  required  for 
calculating  percentage  results  from  the  numbers  obtained  by 
analysis,  and  Tables  of  the  Specific  Gravity  and  correspond- 
ing percentage  composition  of  diluted  alcohol  and  of  solutions 
of  the  common  acids  and  alkalis.  It  concludes  with  Tables 
of  Weights  and  Measures,  and  some  useful  Memoranda. 

The  Atomic  Weights  which  are  given  in  the  Table  (para- 
giaph  774)  Are  those  which  are  recommended  for  the  present 
year  by  the  Special  Committee  of  the  German  Chemical 
Society. 

Part  YII.  furnishes  descriptions  of  the  preparation  of 
gases,  of  the  use  of  compressed  gases,  and  of  the  distil- 
lation of  water.  It  concludes  with  Lists  and  particulars  of 
the  special  Apparatus  and  Chemicals  which  are  required  for 
the  processes  referred  to  in  the  book,  and  with  a  list  of 
useful  Books  of  Reference. 
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An  Index  to  the  Processes  of  Separation  contained  in  the 
text  precedes  the  General  Index. 

The  repeated  revision  which  the  text  has  undergone, 
during  the  preparation  of  the  successive  editions  for  the 
press,  has  led  to  the  introduction'  of  many  additions  and 
improvements,  and  has,  it  is  hoped,  entirely  eliminated 
errors. 

An  Appendix  has  been  introduced  into  the  present  edition 
(paragraphs  803-8lX)»  containing  descriptions  of  a  modifica- 
tion of  the  usual  method  of  determining  melting-points,  of 
a  special  apparatus  for  the  rapid  filtration  and  ignition  of 
precipitates,  and  of  an  improved  form  of  condenser  for  use 
in  the  distillation  of  liquids.  It  also  contains  descriptions 
of  the  following  processes : — the  determination  of  nickel  by 
electrolysis,  the  titration  of  soluble  cyanide  by  standard 
iodine  solution,  the  determination  of  titanium  in  titaniferous 
iron- ores,  and  the  estimation  of  nickel  and  aluminium  in 
steel. 

F.  C. 
J.  B.  C. 

London,  July  1900. 
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PART   I. 
GENERAL   PROCESSES. 


SEOTIOJS^   I. 


THB  OHEMIOAL  BALANOR 
WEIGHTS  AND  WEIGHING. 


In  the  execntion  of  quantitatiye  analysis,  the  operation  of 
accniate  weighing  requires  to  be  constantly  carried  out. 
Hence  it  is  essential  that  the  student  should  become  familiar 
with  the  use  of  the  chemical  balance^  which  is  employed  for 
this  purpose.  A  convenient  form  of  chemical  balance,  and 
the  method  of  using  it,  are  described  below. 

Thb  Balangb. 

I.  The  Chemical  Balance  represented  in  fig.  1  consists 
essentially  of  a  rigid  beam  which  is  supported  near  to  and 
slightly  above  its  centre  of  gravity.  Upon  either  end  of 
the  beam,  and  equidistant  from  its  centre,  the  scale-pans  are 
suspended. 

In  order  to  diminish  the  friction  of  the  working  parts  at 
the  points  of  support  and  of  suspension,  there  are  let  into  the 
beam  three  knife-edges  of  steel,  or  preferably  of  agate,  which 
work  on  agate  planes.  The  beam  and  the  pans  (fig.  2)  are 
supported  upon  these  edges. 

When  the  balance  is  not  in  use,  the  beam  is  lifted  from 


2  DESCRIFTIOH  OF  [l, 

the  knife  edgea,  and  is  supported  by  a  T-shaped  rest.  This 
tnsj  be  raised  bj  the  rotation  of  a  disc  with  milled  edge  in 
the  front  of  the  balance-case.  The  pans  are  also  supported, 
wlien  they  are  not  in  use,  by  means  of  padded  arms,  wbicli 
are  raised  by  a  lever  in  connection  with  a  button,  to  (he  left  of 
the  milled  bead.  The  pan-rests  are  thrown  out  of  action  hy 
pressing  in  the  button  and  fastening  it  by  means  of  a  catch. 
In  some  balances  both  the  beam  and  the  pans  ate  released 

Fi«.l. 


by  a  single  movement :  this  is  convenient,  and  saves  time  and 
trouble  when  weighing. 

Attached  to  the  bottom  of  the  balance-case  are  three  or 
more  set-screws,  which  enable  the  baknce  to  be  adjusted  to 
a  perfectly  horizontal  poeition.  The  condition  of  true  hori- 
zontal adjustment  may  be  ascertained  by  obeeiving  the  bubble 
in  the  spirit-level  which  is  fastened  to  the  flooi  of  the  balance- 
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The  beam  of  the  balance  may  be  graduated  into  twelve 
equal  divisions,  so  as  to  admit  of  the  use  of  a  12-milligram 
rider  (6)  for  weighing  fractions  of  milligrams.  Some 
balance-makers,  however,  prefer  to  divide  the  beam  of  the 
balance  into  ten  equal  parts,  and  to  use  a  10-milligram  rider. 
In  other  balances  a  special  arrangement  for  carrying  the 
rider  is  placed  in  front  of  the  beauL 

Projecting  from  the  right-hand  end  of  the  beam  there  is  a 
fine  screw  carrying  a  small  brass  nut ;  this  is  used  for  restor- 
ing equilibrium  when  necessary  (7). 

N(A^» — Short  beam  balances  are  now  commonly  need.  The  time 
occupied  in  weighing  is  thus  lessened,  since  a  short  beam  oeciUatea 
more  rapidly  than  a  long  one. 

2.  The  Balance  is  indoeed  in  a  Olara  Case  provided  with 
equipoised  sliding  glass  sashes  at  the  front  and  the  back. 
This  case  shields  the  balance  from  dust,  and  hinders  the 
access  of  acid  fumes  and  of  moisture,  which  would  rust  or 
tarnish  the  metaL    It  also  prevents  air-cur* 

rents  from  disturbing  the  scale-pans  during  °' 

weighing.  The  balance  should  be  kept  in  a 
room  which  is  as  free  as  possible  from  add 
fumes  and  from  damp  and  is  not  subject  to 
great  changes  of  temperature.  As  a  further 
precaution,  a  jar  partly  filled  with  small  pieces  of  quicklime, 
or  with  strong  sulphuric  acid,  should  stand  inside  the  balance- 
case.  These  absorbents  of  moisture  must  be  renewed  from  time 
to  time. 

3.  The  Support  on  which  the  Balance  rests  must  be  free 
from  vibration.  A  slate  or  stone  slab,  resting  on  pillars  let 
into  the  foundation  of  the  building,  and  out  of  contact  with 
the  floor,  serves  well.  The  slab  may,  however,  be  more 
simply  supported  by  brackets  firmly  attached  to  the  wall. 
It  is  thus  isolated  from  vibrations  from  the  floor. 


DMCIOPTION  OF 
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4,  The  Woiglits,  wtiicli  are  alraoat  exclusively  used  by 
chemiats,  are  those  of  the  French  or  Metric  System,  in  which 
the  gram  is  taken  aa  the  unit.  The  convenience  of  this 
decimal  system  is  obvious ;  for  not  only  is  there  a  simple 
relation  between  the  unit  of  weight  and  the  units  of  length 
and  capacity;  but  the  different  denominations  in  weight, 
being  related  by  multiples  and  aubmultiplea  of  ten,  conform 
to  our  numerical  notation,  and  therefore  render  entry  and 
chemical  calculations  very  easy. 

The  weights,  from  one  gram  upwards,  are  usually  made  of 
brass.    They  are  cylindrical  in  shape,  and  are  provided  with 

Fio,  8. 


a  narrow  stein,  by  means  of  which  they  may  be  lifted.  This 
stem  is  grasped  by  a  smaU  brass  forceps,  and  not  by  the 
hand.  The smallei  weights,  from  05  gram  downwards,  are 
made  of  platinum,  or,  better  still,  of  aluminium  foil  ot  sheet. 
The  low  specific  gravity  of  aluminium  renders  it  possible  to 


5,8.] 


THE  WEIGHTS. 


use  a  large  volume  of  the  metal,  and  therefore  permits  of  the 
weights  heing  comparatiyely  large  and  thick.  Aluminium 
weights  are  consequently  more  easily  handled,  and  are  less 
liahle  to  be  bent  or  folded,  than  those  of  platinum.  These 
smaller  weights  are  square  in  shape,  and  usually  have 
one  comer  turned  up  so  as  to  be  easily  grasped  by  the 
forceps. 

The  weights,  together  with  a  forceps  for  lifting  them,  are 
usually  supplied  in  a  velvet-lined  box  (fig.  3).  In  this  figure 
a  set  of  ordinary  weights  is  represented.  The  separate 
weights,  however,  differ  in  value  in  sets  made  by  different 
makers,  as  will  be  seen  by  comparing  the  values  of  weights 
shown  in  the  box  with  those  represented  in  fig.  4. 

5.  The  Process  of  Weig^iixig  is  much  Facilitated  by  per- 
manently removing  the  weights  from  the  box  and  keeping  them 
on  the  front  of  the  floor  of  the  balance-case.  They  are  placed  on 
a  piece  of  stiff  cardboard  (fig.  4),  which  is 
ruled  into  the  same  number  of  spaces  as 
there  are  weights.  Each  of  these  spaces 
is  covered  by  a  weighty  the  value  of 
which  has  been  previously  written  with- 
in the  square.  Accordingly,  when  the 
weights  which  are  requisite  for  counter- 
poising any  substance  have  been  removed  from  the  card  and 
placed  upon  the  scale-pan,  their  value  may  be  read  off  from 
the  tmcovered  squares  left  on  the  card. 
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&  The  Bider  £b  a  piece  of  wire  bent  as  is  shown  in  fig.  5. 
It  is  made  either  of  gilded  brass  or  of  aluminium,  and  its  form 
enables  it  to  bestride  the  graduated  beam  of  the  balance, 
and  to  remain  on  whatever  part  of  the  beam  it  is  placed. 
The  rider  is  moved  from  one  position  to  another  by  an  arm 
which  passes  through  the  balance-case  and  is  moved  from 
the  outside.  Milligrams  and  fractions  of  milligrams  are 
usually  registered  by  means  of  the  rider. 

As  has  been  abeady  stated,  two  kinds  of  riders  are  in 
common  use,  the  centigram  rider  and  the  12-milligram  rider. 


6  ADJUSTMENT  AND  [?, 

When  the  centdgram  rider  is  used,  the  beam  of  the  balance 
is  divided  by  ten  main  equidistant  graduations,  each  of  these 
spaces  being  further  subdivided  into  ten.     Each  main  divi- 
*.      -  sion  therefore  corresponds  to  1  milli- 

gram, and  each  minor  division  to  the 
tenth  of  a  milligram. 

When  the  12-milligram  rider  is 
used,  the  beam  is  divided  into  twelve 
main  divisions,  the  intervening  spaces 
being  divided  into  tenths  as  before. 
By  this  device  the  rider  is  eaoly 
adjusted  for  fractions  higher  than  9  milligrams  and  lower 
than  11  milligrams,  since  it  can  be  readily  placed  in  any 
position  between  the  ninth  and  eleventh  division  of  the 
beam. 


Adjustkent  and  Tbstino  of  thb  Balancb. 

The  Balance  should  be  adjusted,  and  its  accuracy  ascer- 
tained before  commencing  analytical  work. 

7.  The  Balance  is  Adjusted  as  follows. 

The  balance  and  its  case  are  first  made  to  assume  a 
horizontal  position  by  means  of  the  levelling  screws.  This 
adjustment  is  satisfactory  when  the  bubble  of  air  in  the 
circular  spirit-level  occupies  the  central  position. 

The  scale-pans  and  the  beam  are  then  set  free  from  their 
supports.  A  gentle  oscillatory  movement  is  usually  imparted 
to  the  beam  of  the  balance  by  the  removal  of  its  support. 
A  slight  fanning  movement  of  the  hand  over  one  of  the 
pans  will,  however,  serve  to  start  the  oscillation,  if  necessary. 
The  lower  end  of  the  pointer  or  index  attached  to  the  beam 
will  now  swing  to  and  fro  over  several  divisions  of  the  ivory 
scale.  If  the  pointer  is  found  to  oscillate  through  an  equal 
number  of  divisions  on  each  side  of  the  zero  of  the  scale,  the 
ViaUnce  is  in  adjustment. 
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If  the  spaces  described  by  the  pointer  on  each  side  of  the 
sero  of  the  scale  are  unequal,  a  further  adjustment  must  be 
made  by  turning  the  small  nut  at  the  end  of  the  beam,  or 
the  vane  in  the  centre. 

The  observations  described  in  paragraphs  8  and  9  are  then 
made. 

8.  Delicacy  or  Senaitiveness  of  the  Balanoe.—The  speed 
of  oscillation  of  the  pointer  is  noted.  The  slower  the  oscil- 
lations the  greater  is  the  sensitivenees  of  the  balance  to  small 
differences  of  weight,  and  vice  vend.  If  the  sensitiveness  of 
the  balance  is  great,  the  rate  of  oscillation  will  be  unduly 
slow,  and  the  operation  of  weighing  will  become  tedious. 

The  oscillations  of  the  pointer  become  slower  as  the  centre 
of  gravity  of  the  beam  approaches  more  closely  the  axis  of  its 
suspension.  Most  balances  have,  attached  to  the  central 
portion  of  the  beam,  a  screw  which  carries  a  nut.  By  ad- 
justing this  nut,  the  distance  between  the  centre  of  gravity 
and  the  suspension  axis  of  the  beam  can  be  varied  at  will. 
This  will  alter  the  sensitiveness  or  delicacy  of  the  balance. 

When  a  milligram  weight  is  placed  on  one  of  the  pans  of 
an  adjusted  balance,  and  the  beam  is  liberated,  the  pans 
should  be  shown  to  be  out  of  equilibrium  by  the  swings  of 
the  pointer.  A  delicate  balance  will  be  affected  in  this  way 
by  0*1  milligram,  but  for  ordinary  purposes  it  is  sufficient  if 
the  balance  is  sensitive  to  0*2  milligram. 

The  delicacy  of  the  balance  may  be  tested  by  placing  a 
milligram  weight  on  one  pan,  and  balancing  this  by  means 
of  the  rider  on  the  beam  upon  the  other  side.  The  rider  is 
then  moved  gradually  along  the  beam  until  a  distinct  deflec- 
tion of  the  pointer  is  noticed,  the  movement  of  the  beam 
being  checked  by  its  supports  while  the  rider  is  being  moved. 

The  effect  of  increasing  the  load  on  the  pans  of  an  ordinary 
balance  is  to  slightly  diminish  its  sensitiveness.  But  when 
the  maximum  weight  which  the  balance  can  carry  is  placed 
on  both  pans,  the  addition  of  a  milligram  should  have  nearly 
the  same  influence  upon  the  swings  of  the  pointer  as  when 
the  pans  were  empty. 


d  tSSTiNQ  tHS  WlBIQRtS.  [9,  10, 

9.  Accuracy  of  Gonstraction  of  the  Balance. — If  the 

weight  of  the  same  hody  is  ascertamed  several  times  in  suc- 
cession, the  balance  should  indicate  equilibrium  every  time, 
if  the  contents  of  the  pans  remain  unchanged.  Faulty  con- 
struction of  the  knife-edges  will  cause  differences  to  appear 
in  the  successive  weighings. 

When  each  pan  of  the  balance  is  loaded  with  equal 
weights — say,  with  50  grams,  and  equilibrium  is  secured,  if 
necessary,  by  the  addition  of  small  pieces  of  tin-foil  on  one 
pan,  the  equihbrium  should  be  maintained  when  the  loads 
are  changed  from  one  pan  to  the  other.  If  equilibrium  is 
not  maintained  when  the  pan-loads  are  exchanged,  the  arms 
of  the  balance  are  of  unequal  length. 


Tbbting  thb  Wbightb. 


The  Weights,  which  are  to  be  used  in  analytical  opera- 
tions, should  be  tested  in  order  to  ascertain  whether  their 
relative  values  are  correct.  For  most  operations  it  is  suffi- 
cient if  the  relative  values  of  the  weights  are  correct ;  it  is 
not  essential  that  each  weight  should  possess  its  true  absolute 
value. 

10.  The  Weights  are  Tested  in  the  following  way : — A 
one-gram  weight  is  nearly  balanced  with  brass-clippings,  and 
the  counterpoise  is  then  finally  adjusted  by  the  addition  of 
small  pieces  of  tin-foiL  The  original  gram  weight  is  then 
removed  and  is  replaced  by  another  one-gram  weight ;  the 
counterpoise  must  still  be  true.  The  third  gram  weight  is 
tested  in  the  same  way. 

The  two-gram  weigbt  is  then  balanced  against  two  of  the 
one-gram  weights  which  have  been  already  tested ;  the  five- 
gram  weight  is  tried  against  the  two-gram  and  the  three  one- 
gram  weights,  and  so  on. 

Tlie  fractions  of  the  gram  arc  then  compared  with  one 
another  in  a  similar  manner,  and  are  finally  compared  with 
the  gram  weight. 
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If  the  weights  are  correct  in  relation  to  one  another,  the 
counterpoise  in  all  the  ahove  cases,  and  in  all  similar  cases  of 
nominally  equal  values,  should  he  ahsolutely  true.  If  the 
weights  are  found  to  he  incorrect,  they  should  he  readjusted 
by  tiie  maker. 


Thb  Fboobss  of  Wbighino. 

There  are  two  methods  in  common  use  for  determining 
the  Apparent  Weight  of  a  substance — the  Direct  Method, 
and  the  Method  of  Substitution.  The  result  thus  obtained 
must  be  corrected  if  the  AhBoLtiie  Weight  is  required. 

ZI.  Direct  Weig^iing. — In  this  process  the  substance  is 
placed  upon  the  left-hand  scale-pan,  and  the  coimterpoising 
weights  are  placed  upon  the  right.  The  weight  of  the  sub- 
stance is  assumed  to  be  equal  to  the  weights  which  act  as  a 
counterpoise. 

This  method  is  expeditious  and  is  the  one  in  common  use. 
Its  indications  are  correct  if  the  balance  answers  satisfac- 
torily to  the  tests  described  in  paragraphs  J-g,  But  if  the 
arms  of  the  beam  are  of  unequal  length,  or  if  the  balance  is 
not  in  perfect  adjustment/ the  true  weight  of  the  substance 
is  not  indicated  by  this  method.  This  is  usually  of  no  con- 
sequence in  any  one  series  of  weighings,  since  the  relative 
foeighte  of  the  different  substances  and  not  their  true  weights 
are  required.  The  relative  weights  will  be  correctly  given, 
provided  the  different  substances  are  always  placed  upon  the 
same  scale-pan,  and  the  condition  of  the  balance  remains 
unaltered  between  the  successive  weighings  of  the  series. 

Z2.  Weighing  by  SalNBtitution  gives  on  any  balance  the  true  appar- 
mU  weight  of  a  body.  In  this  method  the  body  is  counterpoised  as 
before.  It  is  then  removed  from  the  scale-pan,  and  weights  are 
snbstitated  for  it  which  are  in  exact  equilibrium  with  those  already 
placed  upon  the  ether  pan.  The  weights  thus  .substituted  for  the 
substance  will  represent  the  true  apparent  weight  of  the  substance, 
even  when  the  balance  has  not  previously  been  adjusted  to  equilib- 
rium, and  when  the  arms  are  not  of  equal  length. 


10  ABSOLUTE  WEIGHT.  [l8,  14, 


X^  Absolnte  Weight. — Since  the  volume  of  the  body  weighed 
osually  differs  from  that  of  the  weights  which  counterpoise  it, 
different  Tolumes  of  air  are  displaced  by  the  substance  and  by  the 
weights.  Hence  a  body  which  has  been  counterpoised  by  weights  in 
air  would  not  usually  remain  in  equilibrium  with  the  same  weights 
when  the  balance  is  in  vacuo.  The  difference  between  the  result 
obtained  by  weighing  a  body  in  air  and  that  obtained  by  weighing 
it  in  vacuo  is  usually  so  slight,  that  it  may  be  neglected  in  ordinary 
analytical  operations. 

The  absolute  weight  of  the  substance  in  vacuo  can  be  indirectly 
obtained,  if  necessary,  in  the  following  manner  :— The  weight  of  the 
volume  of  air  displaced  by  the  weights  must  be  subtracted  from  the 
weight  of  the  volume  of  air  displaced  by  the  substance,  and  the 
number  thus  obtained  must  be  added  to  or  subtracted  from  the 
weight  on  the  scale-pan,  according  as  the  difference  is  positive  or 
negative. 


Directions  for  Weighing. 


14.  The  FoUowing  BuleB  should  be  attended  to  during 
the  operation  of  weighing : — 

1.  After  the  balance  has  been  levelled  (7)}  ascertain  that 
the  scale-pans  and  the  floor  of  the  balance-case  are  perfectly 
clean.  If  necessary,  carefully  cleanse  these  surfaces  with  a 
large  camel's-hair  hrush,  which  should  he  kept  in  the  balance- 
case  for  the  purpose. 

2.  Then  gently  release  the  pans  and  the  heam  (7),  and  if 
the  heam  is  not  caused  to  oscillate  by  its  release,  start  its 
motion  hy  a  fanning  movement  of  the  hand  over  one  of  the 
pans.  The  pointer  must  oscillate  through  equal  spaces  on 
each  side  of  the  zero  of  the  scale  (7). 

This  preliminary  adjustment  is  unnecessary  if  the  weight  of  the 
substance  is  obtained  by  difference  or  by  substitution.  Thus,  if 
it  is  required  to  weigh  out  accurately  about  one  gram  of  a  powdered 
solid,  the  solid  is  put  into  a  weighing  bottle,  or  into  some  other 
convenient  vessel,  and  the  bottle  and  the  substance  are  accurately 
weighed  together.  About  a  gram  of  the  powder  is  then  shaken  out, 
and  the  vessel  is  again  weighed.    The  difference  between  the  first  and 
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second  weighings  will  give  the  weight  of  the  powder  shaken  out  In 
esses  similsr  to  this  it  is  not  necessary  to  attend  to  the  previous 
a4justment  of  the  heam  to  exact  equilibrium. 

3.  The  substance  should  be  inyariably  placed  on  the  left- 
hand  pan,  and  the  weights  are  then  afterwards  placed  by 
the  forceps  on  the  right-hand  pan.  This  insures  the  con- 
venience of  putting  on,  changing,  and  removing  the  weights 
by  the  right  hand,  the  beam  being  released  from  its  support 
by  the  left  hand. 

4.  The  weights  should  be  placed  on  the  pan  in  systematic 
order.  It  is  best  to  commence  with  a  weight  which  is 
judged  to  be  somewhat  too  heavy.  If  this  is  found  to  be 
the  case,  lower  weights  of  the  same  denomination  are  tried 
in  succession,  until  equilibrium  results  or  the  weight  is 
somewhat  too  small  in  amount.  If  the  weight  is  too  small 
the  weights  of  the  next  lower  denomination  should  be  added 
to  it  in  the  same  systematic  order.  This  method  will  be 
found  much  more  expeditious  than  that  of  selecting  the 
weights  at  random.  The  miUigrams  and  fractions  of  a 
milligram  are  usually  ascertained  by  the  use  of  the  rider. 

5.  The  near  approach  to  equipoise  of  the  substance  and 
the  weights  is  judged  by  observing  the  swings  of  the 
pointer  over  the  graduated  scale.  Consecutive  swings  to 
the  right  and  to  the  left  must  finally  be  equal  in  extent. 

6.  The  balance-case  should  be  closed  while  the  rider  is 
being  used ;  and  the  final  observation  of  equilibrium  must 
be  always  conducted  with  the  case  closed. 

7.  The  weights  must  never  be  handled  with  the  fingers, 
but  should  always  be  lifted  with  the  forceps. 

8.  During  the  transfer  of  the  weights,  or  the  addition  or 
removal  of  the  body  weighed,  the  motion  of  the  beam  and 
of  the  pans  should  invariably  be  arrested.  This  prevents 
the  unnecessary  wearing  of  the  knife-edges  by  violent 
oscillation. 


12  PRECAUTIONS  DURINQ  [l6,  16, 

Some  further  conditions,  which  must  be  attended  to  when 
a  body  is  to  be  weighed,  will  be  found  in  paragraphs  l6 
and  17. 

15.  Entry  of  Weight. — As  soon  as  a  weighing  is  com- 
pleted and  an  exact  counterpoise  has  been  secured,  careful 
entry  of  the  weight  of  the  substance  should  be  made  in  the 
Note-book.  The  best  plan  to  secure  accuracy  in  this  entry 
is  to  write  down  the  total  value  of  the  weights  upon  the  pan, 
by  noting  the  numbers  on  the  uncovered  spaces  on  the  card 
(fig.  4,  p.  5).  This  entry  is  then  checked  by  noting  the 
value  of  each  weight  as  it  is  returned  to  its  proper  position 
on  the  card. 

16.  A  Substance  should  not  be  Placed  Directly  on  the 
Scale-pan,  but  should,  as  a  rule,  be  weighed  in  a  suitable 
vessel  of  glass,  of  porcelain,  or  of  platinum.  A  small  crucible 
or  evaporating  basin,  a  clock-glass,  or  a  watch-glass,  is  a 
suitable  receptacle  for  a  substance  which  is  not  affected  by 
the  air  while  it  is  being  weighed.  But  hygroscopic, 
efflorescent,  and  volatile  substances,  and  all  substances 
which  gain  or  lose  in  weight  by  exposure  to  the  air,  must 
be  weighed  in  closed  vessels,  such  as  are  represented  in  the 
following  figures. 

Fio.  6.  FiQ.  7.  Fio.  8. 


The  ordinary  stoppered  weighing-bottle  is  seen  in  fig.  6. 
A  pair  of  watch-glasses,  ground  flat  at  their  edges,  and  held 
together  by  a  clamp  of  hardened  brass,  are  represented  in 
fig  8 ;  they  form  a  convenient  receptacle  for  hygroscopic 
substances.    Fig.  7  shows  a  pair  of  thin  glass  tubes,  one  of 
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which  fits  closely  within  the  other ;  these  are  often  used  for 
weighing  dried  folded  filter-papers.  A  small  beaker  covered 
with  a  suitable  watch-glass  is  usually  more  convenient  than 
these  tubes. 

17.  A  Substance  should  never  be  Weighed  wbfle  it  is 
much  Wajmer  or  Colder  than  the  Air  in  the  Balance-case, 

else  it  win  appear  to  be  lighter  or  heavier  than  it  should  be. 
This  is  due  to  two  causes. 

Firdly,  the  hot  body  causes  an  ascending  movement  of 
air  around  it^  and  the  air  which  flows  in  to  take  the  place  of 
that  which  has  risen  tends  to  raise  the  scale-pan ;  a  body 
which  is  colder  than  the  air,  on  the  other  hand,  produces  a 
downward  air-current  upon  the  pan,  which  tends  to  depress 
the  pan. 

Secondly,  every  substance  tends  to  condense  moisture  &om 
the  air  upon  its  surface ;  but  the  amount  of  moisture  thus 
condensed  diminishes  as  the  temperature  of  the  substance  is 
raised,  and  increases  as  the  temperature  of  the  substance  is 
reduced. 

A  body  should  therefore  not  only  be  at  the  temperature 
of  the  air,  but  should  have  been  allowed  to  cool  in  a  desic- 
cator (41)  if  it  is  to  give  its  true  weight  on  the  balance. 

BzFEBiMiSMT  1. — Carefully  dean  and  dry  the  pair  of  watch-glasses 
and  clamp  (fig.  8),  and  weigh  them  first  by  the  direct  method,  and 
then  by  the- method  of  substitntion.  Begister  the  former  weight 
in  the  Note-book.  Cover  the  glasses  with  a  dry,  clean  beaker,  or  put 
them  into  a  desiccator  and  resenre  them  for  future  use. 

Ascertain  in  a  similar  way  the  weights  of  the  bottle  (fig.  6)  and  of 
the  tubes  (fig.  7),  and  carefully  register  these  weights  in  the  Note- 
book. Keep  the  bottle  and  tubes  covered  and  clean  until  they  are 
required  for  use. 


PART  I.-SECT10K  IL 


DBTBRMINATION  OP:— 
SPECIFIC  GRAVITY, 
MBLTma-POINT, 
BOILINQ-POINT. 


In  connection  with  the  chemical  examination  of  substances 
it  is  frequently  necessary  to  determine  certain  of  their 
physical  properties  with  precision.  Processes  for  deter- 
mining Specific  Gravity,  Melting-Point,  and  Boiling-Foint 
are  described  in  this  Section.  A  method  for  ascertaining 
the  Solubility  of  a  substance  is  given  in  paragraph  47; 
and  the  determination  of  vapour  density  will  be  found  in 
paragraphs  733-739- 


Specific  Gravity. 


18.  Specific  Gravity  may,  for  practical  purposes,  be  de 
fined  as  the  ratio  between  the  weights  of  equal  volumes  of 
two  substances,  one  of  which  is  taken  as  the  standard  or 
unit.     The  accepted  standard  for  solid  and  liquid  substances 
is  distilled  water  at  4*"  G. 

Accordingly,  the  specific  gravity  of  a  solid  or  liquid  is 
obtained  by  dividing  the  weight  of  the  substance  by  the 
weight  of  an  equal  volume  of  distilled  water  at  4*  C. 

It  is  usually  more  convenient  to  determine  specific  gravity 
at  15^*5  C.  than  at  4° ;  this  temperature  is  accordingly 
selected  for  the  purpose  in  ordinary  cases. 


19.]  SPKIFIC  GRAVITY  OF  A  SOLID. 


DbTRRHI NATION   OF  THB   SPECIFIC  GRAVITY   OF  A 

Solid  Sdbbtancb 

19.  Solid  Snbstancea  Heavier  than,  and  Inwduble  In 
Water. —-The  ETubstance  is  firat  weighed  in  aii  in  the  oidinai? 
manner.  It  ia  then  snapesded  from  the  heam  of  the  balance 
bj  a  fine  light  htur  or  fibre.  The  weight  of  the  subetance 
is  now  again  taken,  while  it  ia  immersed  in  distilled  water 
at  1&°'6  C,  care  being  taken  that  its  surface  is  free  from 
adherent  air-bubbles. 

The  Bemoral  of  Air-BnbUM  mty  genan)];  be  effected  by  sppljing 
a  oamel's-hftir  brash   to  the  snrf»ce  of  the  solid  >IUr  it  bu  been 
immeraed  in  waUr.     In  order  to 
remave  the  internal  air  ttom  a  Fio.  9. 

porous  substance,  hovever,  it  is 
necessuj  to  immerse  the  sub. 
atance  in  boiling  water  tor  tome 
time,  or  to  place  the  Teasel  con- 
taining t^e  immersed  sabstance 
under  the  reoeiver  of  an  air-pump 
and  exbantt  the  air. 

A  convenient  arrangement 
for  weighing  the  substance  in 
water  is  ahown  in  fig.  9. 

A  small  wooden  bridge  ia 
placed  over  the  left-hand  acale- 
pan  of  the  balance ;  this  bridge 
serree  as  a  support  for  the 
beaker  of  distilled  water. 
The  suspending  hair  or  fibre 
is  hong    by   a  loop   upon  a 

second  hook  beneath  the  one  which  supports  the  scale-pan. 
The  removal  of  the  scale-pan,  which  would  destroy  the  equi- 
librium of  the  balance,  is  thus  rendered  unnecessary. 

The  specific  gravity  of  the  solid  is  obtained  by  dividing 
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the  weight  of  the  body  in  air,  by  the  loss  of  weight  which  it 
sustains  in  water.     Thus  : — 

If  W  =  Weight  of  solid  in  air, 
and  Wj  =  Weight  of  solid  in  water, 

W 

then  its  Specific  gravity  =  -— — — - . 

W  —  Wj 

Example. — In  an  actual  experiment,  a  piece  of  brass  weighed  in  air 
16*765  grams,  and  in  water  14*692  grams  : 

„         .,   „  16766  16-765    ^  ^„„ 

Hence  its  Sp.  gr.  =  16.766-14*692=  2^078"  ==^'^®®- 

ExFEBiMBNT  2.— Determine  the  specific  grayity  of  a  crystal  of 
Iceland  spar,  or  of  calc-spar,  in  the  manner  described  above. 

20.  Solid  Substances  Lighter  than,  and  Insoluble  in 
Water. — The  solid  substance  is  weighed  in  air.  It  is  then 
attached  by  means  of  a  fijie  silk-thread  to  a  solid,  which  is 
sufficiently  heavy  to  sink  the  lighter  body  in  the  water. 
The  weight  of  this  ''sinker,"  while  it  is  immersed  in  water 
at  W*'^  C,  is  determined  :  and  the  combined  weights  of  the 
solid  and  the  sinker,  while  they  are  attached  to  one  another 
and  immersed  in  water  at  IS^^'S  C,  are  also  determined. 
These  data  will  suffice  for  calculating  the  specific  gravity  of 
the  substance.     Thus : — 

If  W  =  Weight  of  the  substance  in  air, 
L  =  Its  loss  of  weight  in  water, 
S  =  Weight  of  sinker  in  water, 

C»  Combined  weights  of  substance  and  sinker    in 
water, 

w        w  w 

then  its  Sp.  gr.  =  ^=-  = 


L     W-(C-S)    W-C  +  S' 

Example. — ^Thos  a  piece  of  paraffin- wax  was  fonnd  to  weigh  in  air 
18*46  grams  ;  the  weight  of  the  sinker  in  water  was  49*80  grams  ;  the 
combined  weights  of  the  sinker  and  wax  in  water  was  47*46  grams : 

XT         ..  «  18*46  18*46    ^_ 

Hence  its  Sp.  gr.  =  18^45^47 .55+49^0 =20^=^*^^^* 
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ExPKBiMENT  8. — ^Detennine  the  speoifio  gravity  of  a  piece  of 
paraflSn-waz,  naing  as  a  einker  the  piece  of  Iceland  spar,  the  speciiic 
gravity  of  which  was  determined  in  Exp.  2. 

21.  Solid  SubBtances  Soluble  in  Water.— The  substance 
is  first  weighed  in  air.  It  is  then  weighed  in  a  liquid  in 
which  it  is  insoluble.  The  specific  gravity  of  this  liquid 
must  be  known,  and  is  determined,  if  necessary,  according 
to  the  directions  given  in  paragraph  23. 

Then  ifW  »  Weight  of  substance  in  air, 

Wj  =  Weight  of  substance  in  the  liquid, 

and  L  =  Sp.  gr.  of  the  liquid ; 

W 

the  Sp.  gr.  of  the  substance  in  relation  to  the  liquid  is  =yr  _^" 

but  the  Sp.  gr.  of  the  liquid  :  sp.  gr.  of  water  :  :  L  :  1 

W 
hence  the  Sp.  gr.  of  solid  compared  with  water  =  -m-  _^  ^  L* 

Example. — ^A  piece  of  loaf  sugar  was  found  to  weigh  6*612  grama 
In  air,  and  in  mineral  naphtha  (sp.  gr.  0*748)  its  weight  was  found 
to  he  3*126  grams. 

6*612 
Hence  its  Sp.  gr=6'612~  8*126  ^  0*748  =  1'418. 

ExFSiUMBNT  4.— Determine  the  specific  gravity  of  a  lump  of  sugar, 
by  weighing  it  first  in  air,  and  then  in  petroleum  of  known  specific 
gravity. 

22.  Solid  Substances  in  the  state  of  Powder.— Occa- 
sionally it  happens  that  the  solid  substance,  whose  specific 
gravity  is  to  be  determined,  is  in  the  state  of      Fio.  10. 
powder.    In  such  a  case  a  suitable  bottle  (fig. 
10)  IB  weighed.     The  weight  of  distilled  water 
at  IS'^'S  C,  which  the  bottle  contains  when  it 
is  exactly  filled  to  the  mark  on  the  neck,  is 
determined  (24).     Suppose  this  to  be  50  grams. 

The  powdered  soUd  is  now  introduced  into  the 
dry  bottle,  the  whole  is  weighed,  and  the  weight 
of  the  powdered  solid  is  obtained  by  difference. 

The  bottle  containing  the  solid  is  now  filled  to  the  mark 
with  distilled  water,  air-bubbles  inclosed  in  the  powder  are 

B 
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removed  by  heating  or  stirring ;  the  liquid  Ib  brought  to  the 
temperature  of  l&^'6  C,  and  the  bottle  and  ite  contents  are 
weighed  again. 

Kow  the  weight  of  water,  which  is  displaced  from  the 
bottle  by  the  substance,  will  be  the  weight  of  a  volume  of 
water  equal  to  the  volume  of  the  solid.  This  is  found  by 
taking  the  difference  between  the  weight  of  the  solid,  and 
the  excess  of  weight  over  60  grams  of  the  solid  +  water. 

Hence,  if  W  =  Weight  of  solid, 

"Wi  =  Weight  of  solid  +  water, 
and  Wj^  Weight  of  water  which  fills  the  bottle. 

^""^  ®P'  8'-°W-(W^-W,)°W+-^-W; 

Example. — In  determining  the  speoifio  gravity  of  a  sample  of  sand, 
a  weighed  bottle  containing  50  grams  of  water  was  used.  15  grams  of 
sand  were  poured  into  the  empty  bottle.  The  bottle  was  filled  np  to 
the  mark  with  water,  and  the  contents  then  weighed  59 '6  grams. 

Hence  the  Sp.  gr.  =  15  +  50 -59'6=R=^'^^' 

ExpsBnoEMT  5. — Determine  the  specific  gravity  of  a  sample  of  silver 
sand,  using  an  ordinary  specific  gravity  bottle  for  the  estimation. 


Specific  Gravitt  of  a  Liquid  Substangb. 

23.  The  Specific  Gravity  of  a  Liquid  is  usually  obtained 
by  ascertaining  directly  the  weights  of  equal  volumes  of  the 
liquid  and  of  water. 

The  Direct  Method  may  be  carried  out  as  follows. 

An  empty  bottle,  or  other  suitable  vessel,  is  weighed  in  a 
perfectly  clean  and  dry  state.  It  is  then  filled  to  a  fixed 
level  with  distilled  water  at  Ib'^'b  C.  (60*  F.),  and  is  again 
weighed.  The  difference  between  the  two  weights  gives  the 
weight  of  the  water  which  fills  the  bottle  to  th^  leveL 

The  bottle  is  then  filled  in  a  similar  way  with  the  liquid 
at  the  temperature  of  15" '5  C.  and  is  weighed  again.  By 
subtracting  from  this  weight  the  weight  of  the  bottle,  the 
weight  of  the  liquid  is  obtained. 
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Since  the  yolames  of  water  and  of  the  liquid  which  have 
been  weighed  are  equal,  the  specific  gravity  of  the  liquid  is 
obtained  by  dividing  the  weight  of  the  liquid  by  the  weight 
of  the  water.    Thus,  if 

W  =  "Weight  of  vessel  +  water, 
Wj  =  Weight  of  vessel  +  liquid, 
Wj  B  Weight  of  vessel  alone, 

W  — W 

then  the  8p.  gr.  of  the  liquid^  y}^* ' 

The  two  forms  of  apparatus  for  ascertaining  the  specific 
gravity  of  a  liquid  by  weighing  it  on  the  balance  are  the 
Specific  Gravity  Bottle  (24,  25)  and  the  Sprengel-Tube  (26). 

Another  apparatus,  the  Hydrometer  (28),  dispenses  wiUi 
the  necessity  of  weighing. 

The  Indirect  Method  c»nBi8t0  in  weighing  the  same  solid  substanoe 
first  in  air,  then  in  water  at  15** '5  C,  and  then  in  the  liquid  at  the 
same  temperature  (19).  The  loss  of  weight  in  the  liquid  divided  by 
the  loss  of  weight  in  water  will  give  the  speoifio  gravity  of  the  liquid 
substance. 

24.  The  Specific  Gravity  Bottle  (fig.  10,  p.  17)  consists 
of  a  small  thin^glass  bottle,  into  the  neck  of  which  an  accur- 
ately ground  hlown-glasB  stopper  is  fitted.  The  neck  is  con- 
tracted below  the  stopper  and  has  a  mark  etched  upon  it.  The 
mark  enables  the  bottle  to  be  always  filled  with  precisely  the 
same  volume  of  liquid. 

This  form  of  specific  gravity  bottle  is  useful  for  all  liquids, 
but  more  especially  for  volatile  liquids,  since  the  stopper 
prevents  the  escape  of  vapour,  and  consequent  loss  of  weighty 
from  occurring  during  the  process  of  weighing. 

A  small  separate  thermometer  must  be  inserted  through  the  neck  of 
the  bottle  when  the  temperature  of  the  liquid  has  to  be  found.  A 
small  light  thermometer  is  frequently  attached  to  the  stopper.  The 
bulb  of  this  thermometer  is  immersed  in  the  liquid,  and  serves  to  give 
its  temperature  when  the  stopper  is  inserted.  Or  the  bottle  may  be 
provided  with  two  necks,  in  one  of  which  the  thermometer  is  per- 
manently inserted,  while  the  other  serves  for  filling  in  the  liquid  and 
E  is  dosed  by  the  stopper. 
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Before  the  bottle  is  used,  it  is  thoroughly  cleansed  with 
distilled  water,  then  dried  in  the  steam-oven,  and  is  accurately 
weighed  when  it  is  cold. 

A  more  rapid  method  of  drying  the  bottle  oonsists  in  rinsing  it  out 
with  alcohol,  then  with  ether,  and  then  placing  it  in  the  steam-oyen. 
The  process  of  drying  by  either  method  may  be  accelerated  by  sucking 
or  blowing  out  the  vapour  by  means  of  a  glass  tube  which  is  passed 
down  to  the  bottom  of  the  bottle. 

The  bottle  must  now  be  filled  to  the  mark  with  distilled 
water  which  has  been  brought  to  the  temperature  of  15*" '5  G. 
in  a  separate  vessel.  This  is  sometimes  effected  by  filling  the 
bottle  with  distilled  water,  the  temperature  of  which  has  not 
been  first  adjusted,  and  then  immersing  it  in  water  which  is 
several  degrees  above  or  below  IV'b  C,  according  to  the 
temperature  of  the  distilled  water. 

If  the  temperature  of  the  distilled  water  is  above  the 
standard  temperature,  the  temperature  of  the  water  in  the 
bath  may  be  reduced  by  means  of  ice,  or  by  dissolving  in  it  a 
few  crystals  of  sodium  thiosulphate  or  of  ammonium  chloride. 

As  soon  as  the  distilled  water  in  the  bottle  shows  the 
standard  temperature  by  the  thermometer,  the  excess  of  liquid 
is  removed  by  a  pipette,  until  the  meniscus  (206)  just  touches 
the  mark.  The  dry  stopper  is  then  inserted,  and  the  bottle  is 
quickly  but  carefully  dried  with  a  clean  dry  cloth.  The 
bottle  and  its  contents  are  then  weighed. 

The  difference  between  the  weights  of  the  bottle,  when 
filled  and  when  empty,  gives  the  weight  of  the  water  at 
15*'*5  which  it  contains  when  it  is  exactly  filled  up  to  the 
mark.  This  weight  must  be  carefully  entered  in  the  Note- 
book. 

The  weight  of  the  bottle  and  of  the  water  which  fills  it  to  the  mark 
must  be  redetermined  from  time  to  time,  since  the  bottle  decreases 
slightly  in  weight  with  use,  and  its  capacity  may  also  undergo  some 
change. 

A  precisely  similar  series  of  operations  is  now  carried  out 
with  the  liquid  whose  specific  gravity  is  to  be  found.  The 
weight  of  the  liquid  which  fills  the  bottle  to  the  mark  is  thus 
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detennined.  By  dividijig  this  weight  by  the  weight  of  the 
equal  yoltune  of  water,  already  obtained,  the  specific  gravity 
of  the  liquid  is  found. 

Example. — In  the  estimation  of  the  specific  grayity  of  a  sample  of 
methylated  spirit,  a  50-gTam  specific  gravity  bottle  weighed,  when 
empty,  24*5655  grams.  When  filled  with  distilled  water  at  15*''5  G. 
it  weighed  74*5445  grams ;  and  when  filled  with  methylated  spirit  at 
15°'5  C.  it  weighed  65*9260  grams  : 

..op.  8-     74.5445. 24-5655    49*9790 


2S  Another  Fonn  of  Specific  Gravity  Bottle  which  is  suit- 
able for  non-volatile  liquids  is  shown  in  fig,  11.     The  neck  of 
this  bottle  is  fitted  with  a  perforated  stopper.    The  perforation 
enables  the  bottle  to  be  precisely  filled  with  the 
liquid,  with  the  entire  exclusion  of  air-bubbles. 

After  the  bottle  has  been  filled  with  liquid, 
and  the  liquid  has  been  brought  to  the  requisite 
temperature  (24),  the  stopper  is  dropped  into 
the  neck ;  the  liquid  will  then  entirely  fiU  the 
bottle  and  perforation  in  the  stopper,  a  small 
quantity  overflowing  from  the  perforation.  The 
bottle  is  then  wiped  dry  and  weighed. 

A  cloth  may  be  used  for  wiping  the  surface  of  the  bottle ; 
but  the  top  of  the  stopper  should  be  wiped  by  the  dry  hand, 
since  the  porous  cloth  would  absorb  some  of  the  liquid  con- 
tained in  the  capillary  bore  of  the  stopper,  and  lower  the 
level  of  the  liquid. 

26.  The  Sprengel-tnbe  (fig.  12)  is  a  light  U-tube.  It 
is  more  readily  lused  than  the  ordinary  specific  gravity 
bottle  for  taking  the  specific  gravity  of  a  liquid  at  a 
temperature  higher  than  that  of  the  atmosphere. 

The  Sprengel-tube  is  easily  made  by  drawing  out  a  piece 
of  thin-walled  glass  tubing  at  both  ends  to  a  capillary  bore. 
The  broader  portion  of  the  tube  is  then  bent  at  its  middle 
into  the  form  of  a  U,  and  the  two  capillary  tubes  are  bent 
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at  right  angles,  as  is  shown  at  (a,  b)  in  fig.  12.  Close  to  one 
of  the  bends  a  mark  is  lightly  scratched  on  the  fine  tube  (h) ; 
and  the  size  of  the  opening  of  the  other  fine  tube  (a)  is 
reduced  by  drawing  it  out  in  the  flame  to  a  tapering  end  and 
then  breaking  off  the  point. 

The  tube  is  then  thoroughly  cleansed  and  dried,  and  the 
weight  of  the  empty  tube  is  ascertained. 

The  tube  is  next  filled  with  distilled  water  by  immersing 

the  unmarked  end  (a)  in  water,  and  applying  suction  at  the 

other  end  (b).   The  water  should  reach  some  distance  beyond 

Pio  12  *^®  mark  on  the  tube  (b).    The  tube  and 

its  contents  are  then  brought  to  IS^'S  C, 

or  to  a  higher  temperature  if  necessary,  by 

hanging  the  broad  part  of  the  tube  in  a 

beaker  of  water  which  is  at  the  requisite 

temperature. 

Hie  distilled  water  should  still  reach 
the  mark  on  the  narrow  tube  (b).  If  it 
extends  beyond  this  mark,  some  is  sucked 
out  by  pressing  a  piece  of  filter-paper 
gently  against  the  pointed  extremity  (a) :  as  soon  as  the 
liquid  exactly  reaches  the  mark,  the  filter-paper  is  with- 
drawn. The  tube,  which  is  now  exactly  filled  to  the  mark, 
is  removed  from  the  water,  and  is  carefully  dried  and 
weighed. 

The  tube  is  then  emptied  and  dried,  and  is  exactly 
filled  to  the  mark  with  the  liquid,  whose  specific  gravity 
is  required,  in  the  way  already  described.  It  is  then 
weighed. 

The  calculation  of  the  specific  gravity  is  made  in  the  same 
way  as  from  the  weighings  with  the  bottle. 

Example. — ^Thus,  in  determining  the  specific  grayity  of  petrdemn- 
ether,  the  tube,  when  empty,  was  foand  to  weigh  10*6005  grams; 
when  filled  with  water  its  weight  was  16 '659  grams ;  and  when  filled 
with  petroleom-ether  its  weight  was  14*471  grams : 

,  14-471-10*5005    8*9705    .  ^^^. 

^'''''  '^'  g^'  =  16*659-10*5005=6a685=Q^^*^' 
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ExFBRiMSNT  6. — Determine  the  specific  gravity  of  a  sample  of 
petroleum  by  the  specific  gravity  bottle,  and  control  the  determina- 
tion by  means  of  the  Sprengel-tube. 

27.  A  Useful  ]Iodifloatio&  of  the  Sprengel-Tabe  is  shown  in  figs. 
13,  14.  It  is  especially  convenient  in  dealing  with  volatile  liquids 
and  for  taking  the  specific  gravity  of  a  liquid  at  a  temperature  much 
lower  or  higher  than  that  of  the  air. 

The  narrow  tubes  in  which  the  U-tube  terminates  are  bent  into 
directions  at  right  an^es  to  one  another,  but  each  of  them  forms  an 
obtuse  angle  with  the  limb  of  the  U-tube.  The  tube  (a),  upon  which 
the  mark  is  made  for  registering  the  constant  volume,  is  expanded 
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into  a  bulb  just  beyond  the  mark.  This  bulb  allows  expansion  of  the 
liquid  to  take  place  by  rise  of  temperature,  without  loss  of  the  liquid 
occurring  by  overflow  from  the  end  of  the  tube. 

In  using  the  apparatus,  the  liquid  is  sucked  in  until  it  fills  the  tube 
and  part  of  the  bulb,  and  is  then  brought  to  the  desired  temperature 
in  the  usual  way  by  immersion  in  water.  The  volume  of  liquid  is 
finally  adjusted  to  the  mark  by  holding  the  apparatus  with  the  capil- 
lary (fi)  horizontal  (fig.  18),  and  sucking  out  the  liquid  by  applying 
filter-paper  to  (b)  until  the  liquid  descends  to  the  mark  (a).  Ab  soon 
as  the  apparatus  is  placed  in  an  erect  position  (fig.  14),  the  liquid 
sinks  to  (e)  in  the  capillary  (6),  and  ascends  to  (d)  in  the  other  capil- 
lary. The  liquid  is  thus  withdrawn  from  the  ends  of  the  capillary 
tubes,  and  is  therefore  protected  against  loss  by  evaporation  during 
the  process  of  wei^^ing.  As  a  further  precaution  against  loss,  the 
ends  of  the  capillaries  may  be  covered  with  light  glass  caps. 
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28.  The  Hydrometer  furnishes  a  rapid  moans  of  taking 
the  specific  gravity  of  a  liquid  substance,  and  dispenses  alto- 
gether with  the  process  of  weighing.  It  is  a  glass  or  metal 
float  (fig.  15),  which  is  weighted  below,  so  as  to  cause  it  to 
assume  a  vertical  position  when  it  is  placed  in  the  liquid 
whose  specific  gravity  is  to  be  determined.  The  stem  is  so 
graduated  that  the  number  which  is  level  with  the  surface 
of  the  liquid,  when  the  hydrometer  is  floating  freely,  shows 
the  specific  gravity  of  the  liquid.  The  temperature  of  the 
liquid  must  be  adjusted  to  the  temperature  at  which  the 
hydrometer  has  been  graduated,  which  is  usually  15°'5  G. 

The  accuracy  of  the  graduation  may  be  ascertained  by 
floating  the  hydrometer  in  liquids,  the  specific  gravities  of 
which  have  been  determined  by  accurate  weighing  (24-26). 


MBI/nNQ-PoiNT  OP   A   SOLID   SUBSTANOB. 

29.  The  Determination  of  the  Melting-point  of  a  Solid 
Substance  is  usually  made  by  the  apparatus    shown  in 

fig.  16. 

The  substance  is  placed  in  a  thin- walled  glass  tube,  which 
is  about  -^  inch  in  diameter,  and  is  sealed  at  one  end 
(fig.  16).  Such  a  tube  is  readDy  made  by  drawing  out,  in 
the  Bunsen-flame,  a  thin-walled  narrow  test  tube  of  about 
■^  inch  diameter :  but  the  capillary  tube  alone  is  necessary, 
and  the  broad  upper  part  may  be  dispensed  with. 

This  tube  is  attached  to  the  stem  of  a  delicate  thermo- 
meter, just  above  the  bulb,  by  binding  it  by  thread  or  fine 
wire  (fig.  16) ;  or  a  Httle  rubber  ring,  snipped  ofl*  some  small 
rubber  tubing,  may  be  slipped  over  the  larger  end  of  the 
tube  and  the  thermometer  stem.  It  is  well  that  the  tube 
inclosing  the  substance  should  be  close  to  or  in  actual  contact 
with  the  glass  of  the  thermometer  bulb. 

The  thermometer  and  tube  are  next  placed  in  a  beaker 
containing  a  liquid  which  has  a  higher  boiling-point  than  the 
melting-point  of  the  solid  (fig.  17).     The  beaker  is  then 
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gently  heated  until  the  solid  Bubatance  melte,  and  the  tem- 
perature of  its  liquefaction  ia  accurately  noted  by  the 
thermometer. 

During  the  process  of  heating,  the  contents  of  the  bath 
should  be  constantly  mixed  by  the  movement  up  and  down 
of  a  stirrer.  This  is  made  of  bent  glass  rod  or  stout  wire 
in  the  shape  shovn  at  {b)  in  fig.  1 7.  Or  a  slow  stream  of 
air-bubbles  may  be  made  to  pass  up  through  the  liquid  from 
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the  bottom  of  the  beaker;  this  will  efficiently  mix  the  liquid. 
Continuous  mixture  is  necessary,  in  order  to  secure  a  uniform 
temperature  throughout  the  mass  of  the  hquid  during  the 
determination. 

The  stirring  may  be  dispensed  with  if  the  thermometer- 
bulb  and  substance  are  immersed  in  a  boiling-tube  containing 
liquid,  which  is  itself  surrounded  by  the  liquid  in  the  beaker 
or  fladc,  which  serves  as  the  outer  bath. 
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The  thermometer  and  tuhe  are  then  removed  and  are 
allowed  to  cool ;  and  the  process  of  fusion  is  repeated  with 
a  fresh  sample.  The  mean  temperature  ohtained  from 
several  experiments,  made  on  different  samples  of  the  sub- 
stance, will  give  the  melting-point  of  .the  solid. 

If  the  Mercary-Thread  of  the  Thermometer  extends  above  the 
sorfiice  of  the  liquid  when  the  melting-point  is  read  off,  a  correction 
mnst  be  applied  for  the  contraction  due  to  the  cooling  of  the  mercnry . 

The  following  formula  will  give  the  correction  to  be  added  :^ 

N(T-O5<0'000148. 

Here  N  stands  for  the  number  of  degrees  on  the  thermometer  stem 
which  are  not  heated  by  the  liquid ;  T  is  the  temperature  indicated 
by  the  thermometer ;  t  is  the  temperature  taken  by  placing  the  bulb 
of  a  second  thermometer  midway  hetween  the  surface  of  the  liquid  and 
the  top  of  the  mercurial  column  ;  and  0 '000148  is  the  apparent  coeffi- 
cient of  expansion  of  mercury  in  glass. 

In  the  case  of  certain  fats  and  of  some  other  substances, 
the  exact  point  of  liquefaction  is  seen  with  difficulty.  It  is 
then  preferable  to  use  a  tube  open  at  both  ends. 

If  any  difficulty  is  experienced  in  introducing  the  sub- 
stance into  this  open  tube,  the  fine  end  of  the  tube  may  be 
inserted  into  the  melted  substance.  A  small  quantity  will 
enter  by  capillary  attraction.  This  is  allowed  to  cool  and 
solidify,  and  the  tube  is  then  attached  to  the  thermometer 
and  immersed  in  the  bath.  The  moment  of  liquefaction  of 
the  substance  is  indicated  by  its  ascent  in  the  tube.  The 
temperature  of  the  thermometer  is  noted  when  this  move- 
ment is  seen  to  occur. 

It  should  be  borne  in  mind  that  some  substances,  more 
especially  the  animal  fats,  show  a  lower  melting-point  when 
the  process  of  fusion  is  repeated.  In  such  cases  the  normal 
melting-point  is  regained  after  the  substance  has  remained  in 
the  solid  state  for  some  time. 

A  Modification  of  the  above  methods  is  described  in  paragraph  803. 

ExPKancENT  7. — Determine  the  melting-point  of  a  sample  of  paraffin- 
wax  by  the  above  methods,  using  a  beaker  containing  water  for  the 
bath. 
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Boiling-point  op  a  Liquid  Substanoe. 


30.  The  BoOiog-point  of  a  Piire  Liquid  is  always  the 
same  when  the  liquid  is  boiling  under  the  same  pressure  and 
the  same  general  conditions.  This  constancy  of  boiling-point 
is  frequently  made  use  of  to  ascertain  the  purity  of  a  liquid, 
as  well  as  to  detect  its  nature. 

Two  methods  are  here  described  for  determining  the  boil- 
ing-pointy by  ascertaining  the  temperature  of  the  vapour 
produced  by  the  liquid  when  the  vapour  pressure  is  equal  to 

Fio.  18. 


that  of  the  atmosphere.  The  first  is  the  one  commonly  em- 
ployed«  The  second  method  can  be  employed  when  the 
quantity  of  liquid  available  is  only  small. 

31.  First  Method.     The  liquid  is  placed  in  a  flask  (fig. 
18),  the  neck  of  which  is  provided  with  a  delivery-tube  at 
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the  side.  The  neck  is  closed  by  a  perforated  cork,  through 
which  a  thermometer  passes.  The  bulb  of  the  thermometer 
should  be  fixed  just  above  the  surface  of  the  liquid. 

Heat  is  gradually  applied  until  the  liquid  boils,  the  side 
tube  serving  to  carry  away  the  vapour  which  is  produced. 
The  bulb  and  part  of  the  stem  of  the  thermometer  are  thus 
constantly  surrounded  by  the  vapour  of  the  boiling  liquid. 
If  the  liquid  is  very  volatile,  the  neck  of  the  flask  should  be 
attached  to  a  Liebig's  condenser. 

As  soon  as  the  reading  of  the  thermometer  remaina  con- 
stant, the  temperature  is  registered  as  the  boiling-point  of 
the  liquid. 

This  reading  will,  however,  require  correction  by  the  for- 
mula given  in  par.  29,  if  the  upper  part  of  the  thread  of 
mercury  in  the  thermometer  is  cooled  by  extending  above 
the  cork. 

It  should  be  remembered  that  considerable  differences  of 
atmospheric  pressure  will  cause  an  appreciable  variation  in 
the  boiling-point.  It  will  therefore  be  necessary  to  arrange 
a  means  for  adjusting  the  pressure  within  the  flask,  if  the 
atmospheric  pressure  varies  much  from  760  nun.  of  mercury. 

32.  Second  Method.  This  method  is  oonvenient  for  determining  the 
boiling-point  of  a  liquid  when  the  quantity  of  liquid  available  is  small. 
It  depends  on  the  fact  that  the  pressure  of  the  vapour  of  a  liquid  at  its 
boiling-point  is  equal  to  the  pressure  of  the  atmosphere. 

A  piece  of  thin-walled  glass  tubing,  sealed  at  one  end,  is  bent  in  the 
shape  of  the  letter  U  (fig.  20),  the  open  limb  being  considerably  longer 
than  the  closed  one.  A  few  drops  of  the  liquid  are  poured  into  the 
tube,  which  is  then  inverted  so  that  the  liquid  occupies  the  closed  end. 
The  open  end  is  immersed  in  a  vessel  {b)  containing  mercury.  A 
porcelain  crucible  or  a  small  glass  beaker  may  be  used  for  this  purpose. 
The  vessel  is  bound  to  the  tube,  and  is  suspended  by  wire  from  a  glass 
rod  (e).  The  whole  is  then  plunged  into  a  suitable  bath,  and  is  heated 
to  a  temperature  higher  than  the  boiling-point  of  the  liquid  inclosed 
in  the  tube  (fig.  19).  The  vapour  arising  from  the  boiling  liquid  will 
expd  the  air  from  the  tube,  and  will  itself  fill  the  tube. 

The  tube  and  vessel  are  then  removed  from  the  bath  and  are  allowed 
to  cool.  The  mercury  will  rise  and  fill  the  whole  of  the  tube,  with  the 
exception  only  of  a  small  space  at  the  bend  of  the  tube,  which  is  occu- 
pied by  the  liquid  formed  by  the  condensation  of  the  vapour.    The 
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tube  win  then  hsrB  the  t-ppMrvtea  ihown  in  fifr  IS.  Cue  mtut  b« 
Uken  th»t  no  UT-bubUM  u«  pTCM&t 

The  tube  u  tlien  Ckrafnlly  innrtod  in  poeition,  bo  u  to  unee  lbs 
liquid  to  asiand  and  ooonpy  the  doted  end.  Msnmry  ii  ramoTed  by 
pushing  a  (^ue  rod  down  the  open  tnbe  nntil  the  oolnmn  of  mercnrj 
ii  shorter  in  the  open  than  in  the  cloaed  limb  of  the  tnbe.  The  tube 
i*  now  ready  for  detanmniug  the  boiling-point  of  the  inotoaed  liquid. 

The  tnbe  ii  immened  in  a  bath  ofliqiiid,  the  boiling-point  of  which 
is  higher  than  that  of  the  liquid  in  the  tnbe,  care  being  taken  that  the 
longer  limb  eitenda  above  the  liquid  in  the  bath  (Eg.  20).  A  ttier- 
moneter  is  then  immeraed  in  the  bath  with  itt  bnlb  oloee  to  the  oloied 
limb  of  the  tnbe,  and  beat  ii  gndnaUj  applied. 

Aa  soon  aa  the  mercury  columna  assame  the  same  level  in  both 
limba,  the  temperature  u  taken.     The  heating  ia  then  oontiiiaed  for  a 
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short  time,  and  the  aonice  of  heat  la  leinoved.  The  mereury  will  now 
be  higher  in  the  open  than  in  the  cloead  limb  of  the  tnbe.  At  aoon 
*■  the  mercnry  in  the  open  limb  falls  to  the  same  level  aa  that  in  the 
cloaed  limb,  the  temperatnre  is  again  noted.  Theae  abeerrations  are 
repeated  eevetsl  timea.  The  mean  of  the  tempeistnrea  thus  obeerved 
givee  the  boiling-paint  of  the  liqnid. 

It  is  nnrnmsry  to  agitate  the  contents  of  the  bath  during  the  heating 
and  cooling  prooenea,  eo  that  the  temperature  may  be  nnifbnnthrongh- 
ont  the  mau  of  the  liquid.  This  may  be  effected  by  an  appropriate 
stirrer  (flg  17,  b,  p.  2G],  or  by  passing  a  stream  ofaiito  the  bottom  of 
the  vcMel,  and  allowing  the  bnbblas  to  rise  through  the  whole  height 
of  the  liquid. 

EzFmBiHBHT  S.— Detennine  the  boiling-point  of  a  sample  of  methy- 
lated f^iit  by  both  of  the  above  methoda  (31,  3a). 
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Mbohanical  Fbbpar/ltion  of  Solids. 

33.  Before  commenciiig  the  Analysis  of  a  Substance, 

two  conditions  must  usually  be  attended  to  with  regard  to 
the  substance  itself. 

(1)  The  specimen  chosen  for  analysis  must  be  a  fair  and 
average  sample  of  the  body  which  is  undergoing  examination. 

(2)  The  substance,  if  a  solid,  must  almost  invariably  be  in 
a  finely-divided  state. 

34,.  Sampling. — The  first  condition  presents  no  difficulty 
in  the  case  of  a  body  of  homogeneous  composition.  But  in 
selecting  a  sample  of  a  heterogeneous  mass  for  analysis,  such, 
for  example,  as  an  iron  ore,  portions  should  be  selected  from 
different  parts  of  the  mass.  These  are  then  coarsely  powdered 
and  mixed,  and  a  small  quantity  of  this  mixture  is  used  for 
the  analysis.  Frequently  a  large  quantity  of  moisture  is 
present.    In  this  case  the  sample  should  be  selected  from 
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the  interior,  as  the  outer  portions  wonld  probably  be  more 
or  less  dried  by  exposure  to  the  air,  and  would  give  too  low 
a  percentage  of  water. 

Again,  in  the  examination  of  certain  minerals,  the  mineral 
of  which  the  composition  is  to  be  ascertained,  is  often 
embedded  in  a  matrix  of  earthy  matter,  or  is  adherent  to 
other  minerals.  Care  must  be  taken  in  this  case  that  a  true 
sample,  consisting  of  the  desired  mineral  only,  is  detached. 

35.  Powdering. — The  second  condition,  that  the  solid 
substance  which  is  intended  for  analysis  must  be  in  the 
state  of  very  fine  powder,  is  also  usually  indispensable.  In 
the  condition  of  fine  powder  a  substance  is  more  readily  acted 
upon  by  solvents  and  by  fluxes,  than  when  it  is  in  mass. 

The  operation  of  powdering  a  substance  is  usually  con- 
ducted in  a  mortar.  It  is  essential  that  the  mortar  should  be 
composed  of  harder  material  than  the  body  to  be  powdered, 
or  the  powder  will  be  contaminated  with  particles  of  the 
material  of  which  the  mortar  is  composed.  For  salts  and 
other  oomparatiTely  soft  bodies,  a  porcelain  or  a  Wedgwood 
mortar  may  be  used ;  but  for  many  minerals  and  other  hard 
bodies,  a  mortar  of  steel  or  of  agate  is  necessary. 

When  a  mineral  is  being  reduced  to  powder,  the  large 
pieces  may  be  first  broken  by  wrapping  them  in  paper,  and 
striking  them  with  a  hammer  _ 

upon  a  steel  anvil.  The 
smaller  pieces  thus  produced 
are  then  reduced  to  coarse 
powder,  either  in  a  steel  mortar 
of  the  usual  shape,  or  in  a  steel 
percusmon  mortar  (fig.  21),  which 
consists  of  a  hollow  cylinder 
fitted  into  a  depression  in  the 
base.  The  substance  is  placed 
in  the  cavity  thus  formed.  The 
solid  cylindrical  pestle  is  then  pushed  down  upon  the  sub- 
stance, and  is  struck  repeatedly  with  a  hammer  until  the 
substance  is  powdered. 
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The  substance,  which  has  been  coarsely-powdered  in  the 
steel  mortar,  is  next  introduced,  in  small  portions  at  a  time, 
into  an  agate  mortar ;  and  the  substance  is  further  powdered 
by  trituration,  not  by  blows,  until  it  forms  an  impalpable 
powder.  If  the  powder  is  sufficiently  fine,  no  grittiness  will 
be  felt  when  it  is  rubbed  between  the  thumb  and  finger. 

To  make  certain  that  the  substance  is  sufficiently  finely 
powdered,  it  is  advisable  to  sift  it  as  follows : — A  piece  of 
fine  muslin,  which  has  been  well  washed  and  dried,  is 
stretched  over  the  mouth  of  a  beaker  and  held  in  position 
by  a  rubber  ring.  The  powdered  substance  is  then  poured 
upon  the  muslin,  and  the  beaker  is  gently  tapped.  The 
finer  particles  will  fall  through  into  the  beaker.  The  coarser 
pieces  which  remain  on  the  muslin  may  then  be  returned  to 
the  mortar  and  again  triturated  until  they  pass  completely 
through  the  muslin  sieve.  Brass  sieves  of  various  mesh  are 
supplied  by  the  makers,  for  sifting  powders.  Before  using 
these,  they  must  be  perfectly  cleansed  and  dried. 

Trituration  with  water  was  formerly  used  in  the  pulver- 
isation of  so-called  insoluble  bodies.  Since,  however,  all 
solids  dissolve  to  some  extent  in  water,  this  method  has 
been  generally  discarded,  as  it  a£Fects  the  composition  of  the 
substance. 


Drying,  or  Desiccation. 


36.  Most  Substances  contaiii  Water  in  varying  and 
unknown  quantity.  It  is  frequently  necessary  to  remove 
this  water  before  the  substance  is  analysed.  Some  of  the 
methods  of  effecting  this  are  described  below,  others  are 
described  hereafter. 

Water  may  be  present  either  as  adherent  water,  com- 
monly termed  moisture;  or  as  combined  water,  which  is 
frequently  water  of  crystallisation.  The  operation  of  drying 
is  usually  conducted  for  the  purpose  of  removing  adherent 
moisture,  without  reducing  the  amount  of  combined  water  or 
of  any  other  constituent. 
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The  remoTal  of  adherent  water,  or  moisture,  may  be 
effected  in  several  ways.  Five  methods  are  described  below. 
In  selecting  one  of  these,  attention  must  be  paid  to  the 
temperature  at  which  the  dry  substance  begins  to  decompose, 
so  as  to  prevent  the  loss  of  other  constituents  besides  ad- 
herent moisture.  Any  near  approach  to  a  temperature  which 
would  cause  such  a  change  must  be  avoided. 

37.  Thjmg  at  Ordinary  Temperature.—If  the  substance 
is  to  be  superficially  dried  at  the  ordinary  temperature  of 
the  air,  as  is  usually  necessary  in  removing  the  adherent 
mother-liquor  from  crystals,  a  convenient  method  of  pro- 
cedure is  as  follows. 

The  moist  solid  is  -placed  upon  a  porous  tile  or  plate  to 
drain.  After  most  of  the  moisture  has  been  drained  off  by 
several  hours'  standing,  the  substance  is  next  pressed,  in  thin 
layers,  between  folded  sheets  of  filter-paper.  The  paper  is 
renewed  until  the  last  sheets  no  longer  become  moist.  The 
adherent  moiBture>  is  then  known  to  have  been  removed. 

Another  very  efficient  but  somewhat  slow  method,  is  to 
expose  the  substance  in  a  closed  vessel  called  a  desiccator 
(figs.  26,  27,  pp.  38,  39)  over  a  dish  containing  solid  calcium 
chloride,  strong  sulphuric  acid,  or  other  absorbent  of  mois- 
ture. The  production  of  a  vacuum  in  the  desiccator  greatly 
hastens  the  evaporation  and  removal  of  the  water. 

38.  Drying  at  Steam-Heat. — Substances  are  frequently 
freed  from  water  at  a  temperature  of  100*  C.  For  this 
purpose  a  thin  layer  of  the  liquid  or  powdered  substance  is 
spr^td  on  a  watch-glass,  and  is  exposed  to  a  gentle  current 
of  ail  in  a  steam-oven  (fig.  22). 

The  oven  is  made  of  copper,  and,  with  the  exception  of 
the  door,  it  is  doubly-cased  throughout.  The  door  may  be 
glazed  to  give  a  view  of  the  interior.  The  casing  of  the 
oven  is  filled  to  about  one-half  its  height  with  water. 
Heat  is  then  applied  by  means  of  a  Bunsen-bumer  or  other 
atmospheric  burner.  When  the  water  boils,  the  upper  part 
of  the   hollow  casing   becomes  filled  with   steam  and  the 
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temperature  of  the  interior  of  the  oven  approaches  100*  C. ; 
the  steam  is  either  allowed  to  blow  off  into  the  air,  or 
is  condensed  by  a  long  tube  or  condenser  and  returned  aa 
water  to  the  steam-oven. 

A  gentle  current  of  ab  passes  through  the  oven  when 
it  is  heated,  entering  through  an  inlet  near  the  bottom  of 
tiie  door,  and  escaping  from  an  outlet  in  the  top. 

It  has  been  found  possible  to  attain  a  higher  temperature 
than  that  usually  recorded  in  a  steam-oven,  by  dispensing 


1 


with  the  usual  inlet  for  air  through  the  door.  A  narrow 
copper  tube  is  substituted  for  this :  one  end  of  the  tube  is 
seen  immediately  beneath  the  door;  the  other  end  opens 
into  the  oven  flush  with  its  bottom.  The  pipe  itself  is 
thus  constantly  surrounded  with  boiling  water,  and  the  air 
passing  through  it  into  the  oven  enters  at  a  temperature  of 
nearly  100*.  There  is  a  small  outlet  for  air  provided  at  the 
npper  part  of  the  back  of  the  oven. 
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The  anangement  for  ensuring  a  uniform  level  of  water  in 
the  steam-oven  will  be  understood  from  the  sectional  drawing 
(fig.  23).  A  constant  supply  of  cold  water  flows  into  the 
vessel  which  is  attached  to  the  side  of  the  steam-oven,  and 
the  excess  flows  away  by  the  central  tube  to  a  sink.  The 
water  in  the  bath  is  maintained  level  with  the  top  of  this 
overflow  tube  by  a  small  connecting  tube  below. 

39.  Xhe  Heatiiig  of  Steam-ovens  may  be  advantageoiuly  eom- 
Ixined  with  the  DtstOlation  of  Water.  The  *ppftratiis  tnitablo  hi 
this  purpose  stands  conveniently  in  a  reoeas  in  the  Uboiatory  walli 

Fio.  24. 


[Scale  one-tenth.] 

whioh  is  fiiniished  with 'a  glazed  prqjecting  hood,  and  with  a  good 
draught  from  the  top.  This  arrangement  is  represented  in  fig.  24, 
whidi  IB  drawn  to  the  scale  of  one-tenth.  A  copper  boiler  on  a  stand 
and  a  stoneware  collecting  jar  are  seen  resting  on  the  floor  of  the  recess, 
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while  the  set  of  double-cased  oopper  ovens  and  the  still-tub  are  sup- 
ported on  a  strong  iron  grating  above. 

The  steam  generated  by  heating  the  boiler  with  a  powerful  Fletoher- 
bumer  passes  from  the  boiler  through  a  pipe  which  terminates  within 
the  outer  casing  of  the  ovens,  and  several  inches  above  the  bottom. 
The  steam  then  makes  its  way  between  and  around  the  various  ovens, 
undergoing  partial  condensation  while  heating  them.  The  hot  con- 
densed water  thus  produced  flows  through  a  pipe,  the  opening  of  which 
is  flush  with  the  bottom  of  the  oven -casing.  This  pipe  has  a  U-bend 
to  prevent  the  escape  of  steam.  The  water  is  collected  in  a  stoneware 
jar,  from  which  hot  distilled  water  may  be  drawn  when  the  apparatus 
is  at  work. 

Any  steam,  which  is  not  condensed  in  heating  the  ovens,  passes  from 
the  upper  part  of  the  oven-casing  into  a  block-tin  worm  inclosed  in  the 
tall  still-tub.  It  is  thus  condensed,  and  flows  as  distilled  water  from 
the  end  of  the  worm-pipe  into  a  second  stoneware  store-jar  provided 
with  a  tap  below.  The  level  of  the  water  inside  this  jar  is  indicated 
by  a  glass  syphon-gauge. 

It  is  essential  that  the  coils  of  the  tin-pipe  shall  be  so  supported  as 
to  have  throughout  a  permanent  uniform  downward  slope,  else  the 
condensed  water  will  not  drain  away  from  the  worm,  and  a  back -pres- 
sure of  steam  wUl  be  produced  in  the  apparatus. 

The  still-tub  is  supplied  with  a  stream  of  cold  water  from  a  pipe,  in 
which  is  a  control  tap.  This  pipe  is  shown  at  the  extreme  right  of  the 
figure.  From  the  top  of  the  opposite  side  of  the  still-tnb  the  heated 
oondensing-water  flows  into  a  little  feeding-vessel  attached  to  the  side 
of  the  boiler,  such  as  is  shown  in  section  in  fig.  28  (p.  84).  A  portion 
of  this  hot  water  serves  to  keep  up  the  water-level  in  the  boiler  to  the 
dotted-level  in  the  figure ;  and  the  rest  flows  away  into  the  drain-pipes 
through  a  central  pipe  seen  in  the  feeding-vessel 

All  the  connections  are  made  by  means  of  screw-union  joints.  The 
apparatus  can,  therefore,  be  quickly  and  easily  disconnected  and  dis- 
mounted for  the  purpose  of  removing  the  incrustation  in  the  boiler  and 
on  the  condensing  worm,  and  for  repairs. 

This  apparatus  may  be  allowed  to  run  uninterruptedly  without  any 
attention,  after  the  gas-burner  has  been  lighted  and  the  supply  of 
condensing-water  has  been  regulated  by  the  tap. 

It  is  easy  to  arrange  a  series  of  parallel  longitudinal  heating  burners 
under  the  boiler,  any  number  of  which  may  be  used :  the  amount  of 
steam  generated  may  thus  be  varied  according  to  requirements. 

40.  Drying  above  Steam-heat. — When  a  temperatoie 
higher  thau  100*"  C.  is  requisite  for  the  desiccation  of  a  sub- 
stance, an  air-oven  (fig.  25)  is  usually  employed.  The  con- 
struction of  the  air-oven  is  almost  identical  with  that  of  the 
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WBta^oTen.  Air,  heated  to  the  neceesuy  temperatare,  how- 
ever, Ukee  the  pUce  of  boiling  weter  and  eteam  within  tiie 
jacket.  Binoe  the  walls  of  the  oren  are  lunalljr  mocb  hitter 
than  the  aii  inside,  the  robetance  to  be  dried  mtut  not  be  in 
contact  with  the  oven,  A  pipe-clay  triangle,  with  the  wire 
ends  tamed  down  at  right  angles  to  the  plane  of  the  triangle, 
makee  a  conrenient  stand  for  the  sabetance,  and  keeps  it 
from  touching  the  oven. 

Fio.  3G. 


A  thermometer  passes  through  a  cork  in  the  top  of  the 
oren,  and  serves  to  register  the  temperature  of  the  interior. 
Any  reqnieite  temperatiire  can  be  maintained  by  auitably 
regolati^  the  stopcock  attached  to  the  gaa-BUpply.  It  will 
be  found  that,  when  once  the  fiame  baa  been  properly  regu- 
lated, the  temperature  wiU  remain  constant  for  several  honr& 
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The  constant  temperature  ia  more  permanent  if  a  gas> 
goTsmoT  ifl  attached  to  the  gae-enpply.  Gas  regulators  are 
aleo  sold  by  the  instTument-makere,  which  are  very  conven- 
ient when  a  conetaut  tempentore  has  to  he  nuintamed  for 
some  length  of  time. 

The  quantitative  estimation  of  water,  free  and  comUned, 
ia  desoiibed  under  the  typical  analyees  (I5I~I54)- 

41.  The  Desiccator. — Since  many  snhetances  are  hygro- 
scopic Eind  abeorb  moisture  from  the  aii  after  they  have  been 
«]ried,  some  means  must  be  employed  to  prevent  them  from 
remaining  in  contact  with  the  atmosphere  while  they  are 
cooling,  or  are  waiting  to  be  wughed.  Similarly,  deposition 
of  moisture  must  he  avoided  upon  dried  apparatus,  which  is 
standing  aside  before  it  is  weighed. 

The  ugual  method  of  guarding  such  bodies  against  atmos- 
pheric moisture  is  to  inclose  them  in  an  aii-tight  veesel,  or 
demccator,  the  air  in  which  is  kept  dry  by  exposure  to  a 
desiccating  agent.  Either  eulphuric  acid  or  calcium  chloride 
may  be  need  as  a  drying  agent. 

A  small  and  portable  form  of  desiccator  (fig.  26)  is  usually 
employed,  because  it  is  easUy  carried  from  the  working-bench 

Fio.  26. 


to  the  balance.  It  consists  of  a  broad  glass  jar  which  is  con. 
tracted  in  the  middle.  The  lower  portion  contains  the  desic- 
cating agent;   the  upper  portion  incloses  the  body  to  be 
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wd^ied.  A  ciicolai  piece  of  perforated  zinc  forms  ■  bottom 
to  the  appei  chamber,  and  on  tfaia  a  pipe-clay  triangle  or 
other  support  is  laid.  The  body  to  be  cooled  and  weighed  is 
placed  on  this  snpportL  A  flat  lid  is  ground  to  fit  accurately 
on  the  npper  ground  rim  of  the  dedccatoi ;  and  this  rim  is 
lightly  greased  with  lard,  so  that  the  lid  may  fit  aii-tight, 
Fio.  ST. 


Thus  an  air-t^t  chamber  id  formed  in  which  a  body  may 
cool  in  dry  air  and  be  kept  from  contact  with  moisture. 

A  la^er  form  of  desiccator,  which  may  be  conveniently 
kept  in  the  balance-room,  is  shown  in  fig.  27. 


42  The  ProceBS  of  Solution  must  usually  precede  the 
analysis  of  a  solid  eubetance.  Several  methods  of  perform- 
ing this  operation  are  described  in  this  Section. 
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In  most  cases  it  is  essential  that  the  solid  substance  to 
be  dissolved  should  be  in  a  fine  state  of  division.  It  is 
powdered,  if  necessary,  according  to  the  directions  already 
given  in  paragraph  35. 

43.  A  Subfitanoe  which  is  Soluble  in  Water  may  be 

dissolved  by  mixing  it  with  distilled  water  in  a  beaker,  which 
is  then  placed  on  wire-gauze  over  a  Bunsen-flame  (fig.  28). 
If  the  contents  of  the  beaker  bump  when  they  are  heated, 
the  water   and  powder  should   be   stirred   with   a  glass 

rod.    In  order  to  prevent  loss 
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of  solution  by  spirting  dur- 
ing effervescence  or  ebullition, 
the  beaker  should  be  covered 
with  a  clock-glass. 

44.  If  the  Liquid  is  Boiled, 
or  if  Eifervescence  occurs,  as 

is  frequently  the  case  during 
solution  of  substances  in 
acids,  one  of  the  following 
methods  may  be  substituted 
for  that  described  above. 


(a).  The  substance  is  placed 
in  a  conical  flask.  The  sol- 
vent is  added  through  a  small 
glass  funnel  (fig.  29),  which  is  left  in  the  mouth  of  the  flask 
and  serves  to  partially  close  it  during  the  process  of  solution. 
The  loss  of  the  liquid  by  spirting  is  thus  prevented,  and  the 
escape  of  gas  is  not  impeded. 

(b).  Or  the  substance  may  be  placed  in  a  round  flask, 
which  is  tilted  at  an  angle  of  about  45"  (fig.  30).  In  this 
case  the  drops,  thrown  up  by  effervescence  or  by  ebullition, 
will  bo  retained  by  striking  the  inside  of  the  flask,  while 
gas  will  freely  escape. 

45.  Insoluble  Substances.— A  process  which  serves  for 
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the  decompoeitioB  and  solution  of  many  substances  which 
ue  inaolaUe  in  water  and  in  acids  is  described  in  paragraph 
97. 

46.  Material  of  Tecsds  oied  for  Solntion.— Care  must 
be  ezerdsed  in  selecting  Teasels  which  will  not  be  acted  upon 
b;  the  solvent  during  the  piocessea  of  solution  and  evaporv 
tion.  Glass  and  porcelain,  and  in  certain  cases  platinum 
Tessds,  may  be  used  for  acid  liquids,    Porcel^,  ailrer,  and 


nickel  Teasels  may  be  need  for  alkaline  liquids :  glaaa  Teasels 
are  less  suitable,  since  gloss  is  appreciably  acted  on  by  alkaline 
liquids. 

SOLUBIUTT   OF  SOLlDa 

47.  The  Solubility  of  a  SubBtaoce  may  usually  be  readily 
determined  by  means  of  the  following  simple  apparatus. 

The  mouth  of  a  glass  cylinder,  of  about  250  c.c.  capacity, 
is  closed  with  an  india-rubber  cork,  in  which  two  holes 
have  been  bored.     In  one  of  the  boles  is  fitted  a  short 
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piece  of  glass  tube  bent  at  ti^t  angles,  the  tube  juet  pass* 
ing  through  the  cork  (fig.  31).  Through  the  other  hole 
passes  a  piece  of  gloss  tube,  also  bent  at  right  angles,  and 
long  enough  to  reach  the  bottom  of  the  cylindet.  The 
lower  end  of  this  tube  is  slightly  contracted  and  is  bent 
obliquely. 

The  cylinder  is  about  two-thirds  filled  with  distilled  water. 

It  is  then  immeised  up  to  the  level  of  the  liquid  surface,  in  a 

large  ressel  containing  water.     This  water  most  be  mun- 

tained  at  the  temperatuie  which  has  been 

'"'     '  selected  for  determining  the  solubility  of 

■^^        *  the   substance.      The    coarsely-powdered 

solid  ie  then  introduced  into  the  cylinder 

in  quantity  mote  than  would  be  sufficient 

to  form  a  saturated  solution. 

The    rubber   stopper    Ib  now  inseited, 
and  the  end  of  the  shorter  tube  is  con- 
nected by  rubber  tubing  with  the   high- 
pressure  watei-aspirator  (fig.  41,  p.  68). 
The  stream  of  air-bubbles  which  is  drawn 
by  the  aspirator  through  the  liquid  causes 
the    solid    and    the  water   in   the    cylinder    to    constantly 
circulate.     In  from  16  to  30  minutes  a  saturated  solution 
of  the  solid  wiU  be  formed. 

Some  of  tiie  dear  solution  may  then  be  weighed  in  a 
stoppered  bottle  (fig.  6,  p.  12),  and  the  amount  of  solid 
matter  dissolved  in  it  may  be  estimated  either  by  evapora- 
tion or  by  precipitation,  according  to  the  nature  of  the 
substance. 

The  insertion  of  a  plug  of  cotton-wool  into  the  upper  end 
of  the  longer  tube  will  serve  to  filter  off  the  dust  of  the  air, 
and  to  prevent  it  from  being  introduced  into  the  liquid. 

Supersaturation  of  the  solution  may  arise  from  the  evapora- 
tion caused  by  the  passage  of  the  air  through  the  solution. 
This  may  be  prevented  by  allowing  the  air  to  bubble  through 
water  on  its  way  to  the  cylinder,  so  that  it  becomes  saturated 
with  moistore. 
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If  liigh-pieesure  water  cannot  be  obtained,  suction  may  be 
obtained  by  blowing  steam  from  a  boiling  flask  of  water 
tbroagh  the  aspirator  (fig.  44,  p.  58),  or  a  special  form  of 
apparatus  for  producing  aspiration  (141)  may  be  used. 

If  the  solid  to  be  dissolved  would  undergo  chemical  change 
by  exposure  to  oxygen,  a  stream  of  coal-gas  or  other  inert 
gas  may  be  substituted  for  the  air  current.  If  coal-gas  is 
used,  it  may  be  drawn  from  the  ordinary  service-pipes ;  it 
should  be  freed  from  oxygen  by  being  passed  through  at 
least  three  9-inch  U-tubes  filled  with  pumice  soaked  in 
alkaline  pyrogallol  solution  (698,  b). 

Example. — ^The  calculation  of  the  solubility  of  a  rabstanoe  from  the 
results  of  an  actual  experiment  is  given  below :~ 

Onun. 
Weight  of  solution  +  bottle,  .    81  '8910 
Weight  of  bottle,  .    16*2655 

Weight  of  solution,       .    15  6255 

Weight  of  solid  +  dish,         .     22'5100 
Weight  of  eyaporating  dish,      21  *61 10 

0*8990 


Accordingly  0*8990  gram  of  the  solid  has  been  dissolved  by 

15*6255  -  0*8990=14*7265  grams  of  water : 

Therefore,  the  weight  of  the  solid  which  would  \  _0'899xlOO_g.,Q. 
be  dissolyed  by  1 00  parts  by  weight  of  water,  /  "    1 4  "7265 

ExpBBiifKNT  9.— Weigh  out  roughly  SO  grams  of  EC]0„  and  pour 
this  into  a  cylinder  fitted  as  is  described  above.  Pour  in  water  until 
the  cylinder  is  about  two-thirds  filled,  and  pass  the  current  of  air 
through  the  liquid  for  half  an  hour,  the  cylinder  being  immersed  in  a 
vessel  of  water  of  known  temperature.  Filter  off  the  liquid  through  a 
dry  filter-paper,  rejecting  the  first  portion  of  the  filtrate,  which  will 
have  been  partially  deprived  of  its  silt  by  the  action  of  the  filter-paper. 

Then  collect  about  20  o.c.  of  the  solution  in  a  weighed  bottle 
(fig.  6,  p.  12).     Insert  the  stopper,  and  weigh  the  bottle  and  solution. 

Now  pour  the  solution  fix>m  the  bottle  into  a  weighed  porcelain  dish, 
and  rinse  the  bottle  into  the  dish  several  times  with  small  quantities 
of  distilled  water.  Evaporate  this  liquid  to  dryness  over  the  water- 
bath  (48,  49).  Then  place  the  dish  in  the  steam -oven  (38)  for  about 
twenty  minutes ;  allow  it  to  cool  in  the  desiccator,  and  weigh  it 
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The  uecMSUf  data  are  now  obtained  for  calculating  the  weight  of 
the  solid  whick  is  preeent  in  100  grama  of  wat«r,  vhich  has  been  aatonted 
at  tha  temperatnra  of  the  eiperimeut.  The  process  of  calculation  is 
iUnatrated  b;  the  example  given  above. 

BxpBKtHSHT  10.— A  Batnnted  solntion  of  orystalliBed  copper  enl- 
phate,  CuS0,.6H,0,  ia  made  in  the  same  way  aa  in  Exp.  9.  Oqiper 
sulphate,  howeTsr,  loess  a  part  of  its  water  of  crystallisation  when  it  ia 
dried  at  100°.  Hence  the  true  weight  of  the  gait  in  aolutioa  cannot 
be  obtained  by  evaporating  the  weighed  solution,  and  then  drying 
the  reaidoe  and  weighing  it,  as  in  the  case  of  ECIO).  After  ajxnrataly 
weighing  about  S  c.o.  of  the  CoSO,  solution,  the  On  should  tberefore 
be  completely  precipitated  and  weighed,  as  ia  described  in  the  estima- 
tion of  Ca  (90).  From  the  weight  of  CuO  thue  obtained,  the  weight 
of  Cu30t.6H,0  which  was  present  in  G  o.c  of  this  solution  oau  be 
calculated,  and  the  percentage  eolubilit;  of  the  salt  can  be  found. 

Dietionaries  giving  the  solubility  of  subaUnoes  ma;  b«  leierred  to 
when  neoeuary  (003). 


Evaporation  of  Solutionh. 

The  PnMflSB  of  Evapoiation  serves  either  to  concentrate 
a  solution,  or  to  totally  expel  the  liquid.  Evaporation  is 
naually  effected  by  applying 
heat  to  the  liquid  contained 
in  a  basin  made  of  porce- 
lain, platinum,  nickel,  or  eil- 
vet.  Occaeionally  a  beaker 
or  crucible  is  used. 

48.  Evaporation  at 
SteamJieat. — The  evapo- 
lation  of  a  liquid  is  fre- 
quently conducted  over 
boiling  water  upon  a  water- 
bath,  eteam  being  in  this 
case  the  heating  agent. 
A  simple  form  of  water-bath  is  ehown  in  fig.  32.  It  con- 
sists of  a  copper  vessel  rather  more  than  half-filled  with 
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water,  and  heated  by  a  BunseQ-borner.    The  upper  portion 
can   be   fitted   with    flat    sheet^opper    rings  of    gradually 


I  diametera :  and  thus  the  top  of  the  bath  can 
be  made  to  support  vessels  of  rarious  nzes. 

A  more  complex  form  of  water-bath  is  shown  in  fig.  33. 
In  the  upper  surbce  of  this  bath  there  are  holes  of  various 
sizes,  demgned  to  fit  vessels 
of  different  dimensions.  These 
holes,  when  not  in  use,  are 
covered  by  lids  as  is  shown  ia 
the  figure.  This  water-bath  may 
he  Atted  with  a  constant  water 
aapply,  such  as  that  represented 
in  fig.  23  (p.  34). 

Wlien  the  VHSd,  in  whjeh  the 
•faporatlon  is  wnduoted  on  »  cop- 
per watw-betl),  is  to  be  afterwardB 
weiglied.  It  should  reat  on  &  gUst 
ring,  ance  contact  with  the  copper 
edge  is  apt  to  stain  it  The  upper 
put  of  a  beaker  nukea  ■  initable 

■npport  oT  this  kind.     A  beaker,  the  lower  part  of  wbioli  baa  been 
cracked  or  broken,  may  readQy  be  converted  into  euoh  a  ring-nipport, 
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□  inch  below  the  npp«i  edge,  by 

49.  A  Simple  Wfttor-batb  niaj  be  improvised  froui  a  beaker  pBttially 
filled  with  water  and  heated  over  a  Buasen- burner  (flg.  84].  A  few 
mull  pieces  of  paper  tbrawa  into  the  w&ter  will  preTsnt  it  from 
bnmping  during  the  boiling.  The  dish  will  r&rely  Gt  the  top  or  ths 
betker  eo  aa  to  be  steam-tight :  if  this  ehonid  be  the  cue,  some  etrips 
of  paper  msy  be  inserted. 

50,  ETaporation  at  Temperatnroi  above  Steam-heat. — 
When  a  temperature  h^her  th&a  100*  C.  ia  required 
daring  tlie  evaporation,  one  of  the  following  methods  may 
be  used. 

(a).  Sand-hath. — The  vessel  containing  the  liquid  may  be 
placed  on  a  sand-bath  which  a  heated  by  a  burner.    The 


sand-bath  is  a  shallow  sheet-iron  saucer  or  tray,  which  ia 
covered  with  a  layer  of  silver  sand.  A  uniforia  heat  can  be 
applied  to  the  bottom  of  the  vessel,  by  placing  it  on  the 
heated  eand. 

(b).  Naked  Flame.— Th^  vessel  may  be  heated  direoUy 
over  a  naked  flame,  using  preferably  a  rose-bnmer  for  la^e 
vessels.  The  hot  air  arising  from  an  Argond-bumet  of  the 
Wallace  form  (p.  66)  also  answers  well. 
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In  i^er  to  aroid  tha  ovurhgating  of  ths  mdta  of  &  diih  abora  tha 
Uqnid  hj  the  Bame,  the  diih  maj  b«  tUovvd  to  reat  in  a  aircnlar  hoh 
in  a  metal  aheet ;  Qm  8b«ot  mttm  aa  a  Mreen  to  the  upper  part  of  tha 
dill).  If  tha  diih  ii  kept  nipplied  with  liquid,  thia  method  ma;  be 
mibatitnted  for  the  irater-bath. 


(c).  Wire-gauze,  Aihettoa,  or  Iron-jHate  at  tupport. — 
The  TeeHsl  maj  ba  supported  on  wire-gaute,  oi  on  a  slwet  of 
osbestoB  mill-board,  or  on  an  iron-pUte,  This  last  support  is 
ehown  in  fig.  36.  It  ia  a  conYenient  source  of  heat  for 
evaporating  a  liquid  in  a  beaker,  since  the  rate  of  evapora- 
tion can  be  reduced  by  removing  the  beaker  to  a  greater 
distance  bom  the  part  of  the  plate  which  is  directly  over  the 
flame. 

(d).  Air-bath. — Beakers  may  be  conveniently  heated  in  a 
copper  air-bath.  The  bath  is  similar  in  shape  to  the  water- 
bath  represented  in  fig.  33  (p.  46),  but  is  deepei  and  contains 
no  water.  It  is  heated  by  a  ring- 
bnmei  placed  beneath.  The 
beakera  are  supported  by  their 
cnrved-over  edges  in  the  holes 
in  the  top  of  the  bath,  the  holes 
bong  reduced,  if  necessaiy,  by 
means  of  flat  copper  rings.  The 
beakers  are  thus  immersed  in 
the  hot  air  inside  the  bath,  and 
are  exposed  to  a  uniform  tem- 
perature, which  con  be  ascer- 
tained and  legulated  by  means 
of  a  thermometer,  the  bulb  of 
which  is  dtoated  half-way  down 

the  inside  of  the  bath.  The  air-bath  may  be  employed  not 
only  for  evaporating  solutions  in  beakers  to  dryness,  but 
also  for  drying  the  residue  which  is  left  on  evaporation. 

(o),  LoM  hy  Effervescence. — If  effervescence  occurs  during 
evaporation,  a  tilted  flask  (fig.  30,  p.  41)  may  be  used  to 
avoid  loss  by  spirting.     Another  plan  is  to  use  on  evaporat- 
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ing  dish,  and  to  cover  it  with  a  large  inverted  funnel,  as  is 
shown  in  fig.  36. 

51.  The  Foliowing  Frecaiutions  should  be  obeerved 
during  Evaporation: — 

(a).  Vigorous  ebullition  must  not  be  allowed  to  take  place 
in  an  open  vessel,  as  this  would  lead  to  a  loss  of  substance 
by  spirting.  Precautions  have  been  already  described  which 
prevent  the  occurrence  of  loss  from  this  cause  (44). 

(b).  If  the  evaporation  of  a  solution  is  conducted  over  a 
naked  flame  or  over  a  sand-bath,  the  vessel  should,  if  pos- 
sible, be  transferred  to  a  water-bath  towards  the  end  of  the 
process.  This  is  advisable,  because  when  a  liquid  is  ren- 
dered thick  and  pasty  by  the  separation  of  solid  matter,  it  is 
apt  to  spirt  considerably,  even  when  it  is  heated  below  its 
boiling-point. 

(c).  Frequently  the  liquid  creeps  up  the  sides  of  the  vessel 
during  evaporation.  This  is  particularly  the  case  with  solu- 
tions containing  ammonium  salts.  The  evaporation  in  these 
cases  should  be  carefully  watched,  and  the  incrustation  which 
forms  near  the  edge  of  the  vessel  should  be  detached  and 
pushed  down  by  means  of  a  glass  rod.  If  the  inner  edge  of 
the  vessel  is  lightly  greased,  the  ascent  of  the  liquid  will  be 
prevented.  If  the  liquid  is  heated  from  above,  the  ascent 
of  the  solution  may  also  be  prevented :  an  example  is  afforded 
in  the  estimation  of  Na  as  Na2S04  (135). 


Pbboipitation  from  Solution. 

52.  Precipitation  serves  to  convert  a  substance  which  Is 
in  solution  into  an  insoluble  form.  The  process  commonly 
involves  a  change  in  the  composition  of  the  substance.  A  sub- 
stance is  usually  precipitated  in  order  to  obtain  it  in  a  form  in 
which  it  may  be  collected  and  weighed :  but  the  process  is  also 
applied  to  effect  the  separation  of  bodies  from  one  another. 
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Precipitation  is  nsoally  performed  in  a  glass  beaker ;  but 
if  strongly  alkaline  liquids  are  used,  which  would  attack 
glassy  a  porcelain  yessel  is  preferable. 

Precipitation  is  in  most  cases  most  rapid  and  complete  in 
hot  liquids.  If  the  solution  is  boiling,  it  should  be  contained 
in  a  beaker  covered  with  a  clock-glass,  or  in  a  flask  inclined 
at  a  suitable  angle,  so  as  to  prevent  loss  by  spirtii^  (43,  44). 
After  the  addition  of  the  precipitant  the  liquid  is  well  stirred, 
and  is  usually  allowed  to  stand  for  some  time,  to  insure  com- 
plete precipitation.  The  formation  of  the  precipitate  in  a 
granular  condition  tends  to  facilitate  filtration. 

Some  precipitates  form  rapidly,  and  being  flocculent  may 
be  filtered  o£f  at  once.  Ve^iKO)^  and  A12(H0)q  are  of  this 
description. 

Agitation  frequently  assists  precipitation.  For  instance, 
Mg,  when  precipitated  as  MgNH4P04.6H20,  will  take  several 
hours  for  complete  precipitation  under  ordinary  conditions, 
whereas  violent  agitation  will  iuBure  complete  precipitation 
in  the  course  of  a  few  minutes. 

In  most  cases  of  precipitation,  the  addition  of  a  large  ex- 
cess of  the  precipitant  should  be  avoided,  but  the  presence 
of  a  slight  excess  18  requisite  in  order  to  insure  the  completion 
of  the  process. 

The  presence  of  excess  of  the  precipitant  should  be  always 
proved*  This  is  usually  efiected  by  adding  a  few  drops  of 
the  precipitant  solution  to  the  clear  liquid  from  which  the 
precipitate  has  subsided.  The  dear  filtrate  should  be  sub- 
sequently tested  in  the  same  way  as  a  safeguard.  In  neither 
case  must  any  further  precipitation  occur. 

It  is  advantageoiui  to  prepare  the  reagent  flolxitions,  which  are 
used  for  precipitation,  of  known  strength,  and  to  mark  the  label  of 
each  solntion  with  the  rolmne  necessary  for  the  exact  precipitation  of 
a  certain  weight,  say  one  gram,  of  the  substance  to  be  precipitated. 
This  fiMnlitates  the  addition  of  the  reagent  in  sufficient  quantity  to 
insure  complete  precipitation,  and  enables  the  analyst  to  avoid  adding 
an  undue  excess  of  the  reagent. 

D 
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When  a  liquid  is  to  be  transferred  from  one  vessel  to 
another,  that  part  of  the  ontside  edge  of  the  vessel  over 
which  the  liquid  will  be  poured  should  be  slightly  greased 
with  lard.  The  liquid  should  then  be  poured  down  a  wet 
glass  rod  pressed  against  the  edge  of  the  upper  vessel  (fig.  37, 
p.  51),  and  the  lower  end  of  the  rod  should  touch  the  liquid 
surface,  or  the  inside  of  the  vessel  into  which  the  liquid  is 
being  poured.  These  precautions  prevent  the  Hquid  from 
running  down  the  outside  of  the  upper  vessel,  and  from 
splashing  as  it  falls  into  the  lower  vessel. 

Experiment  11.— Partially  fill  a  weighing-bottle  (fig.  6,  p.  12) 
with  pure  recrystallised  potash  aloxn,  A1E(S04)2.12H30,  in  a  powdered 
condition.  Carefully  weigh  the  bottle.  Then  shake  out  about  1  gram 
of  the  salt  into  a  sixteen -ounce  beaker,  and  carefully  weigh  the  bottle 
again.  The  difference  between  the  two  weighings  will  giye  the  weight 
of  the  salt  which  has  heen  transferred  to  the  beaker. 

Dissolve  this  salt  in  about  150  c.c.  of  distilled  water,  which  contains 
a  little  dilute  HGl ;  add  some  AmCl  solution  to  cause  the  precipitate 
to  form  subsequently  in  a  granular  condition,  and  heat  the  contents 
of  the  covered  beaker  to  boiling.  Then  heat  about  50  cc  ofBaCl^ 
solution  to  boiling,  and  add  the  greater  part  of  this  to  the  contents  of 
the  beaker.  A  granular  white  precipitate  of  BaS04  will  form,  and 
will  quickly  subside. 

More  BaCls  solution  should  be  dropped  into  the  clear  liquid,  to  see 
if  the  precipitation  is  complete.  As  soon  as  this  is  the  case,  the 
covered  beaker  and  its  contents  may  be  put  by  for  further  use. 

ExpEBiMENT  12.  —  Weigh  accurately  about  2  grams  of 
AlE(S04)2.12HsO  into  a  sixteen-ounce  beaker.  Dissolve  the  salt 
in  water,  heat  the  solution  to  boiling,  and  add  AmHO  solution  in 
sligM  excess.  A  white  gelatinous  precipitate  of  Al3(H0)«  will  fi>rm. 
Boil  the  liquid  until  the  smell  of  ammonia  has  almost  disappeared, 
then  put  by  the  covered  beaker  with  its  contents. 


Filtration  and  Washing  op  Precipitates. 

53.  A  precipitate  is  separated  from  the  liquid  in  which  it 
has  been  formed,  by  passing  the  liquid  through  a  suitable 
filter-paper.  The  papers  which  are  commonly  used  are  3^  or 
4^  inches  in  diameter. 
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Th«  fllter-ptper  should  contain  the  least  pouible  might  of  mineral 
mfttUr  IV  ash.  Th«  bast  qTi&ntit>tiTe  filter-papaT  hu  bean  tnatad 
with  hydiwUorio  uid  hydrofluoric  npids  and  than  thoronghl^  mihed, 
in  order  to  ramore  mineral  matter:  a  4J-incb  filter-paper  of  this 
deaoription  will  not  IwTe  more  than  1  milligrun  of  aah  when  it  ia 


The  opentioDS  of  filtration  and  decanttttioo  are  OBoally 
combined  in  the  following  manner: — ^The  precipitate  ia 
allowed  to  aettle ;  most  of  the  clear  liquid  is  then  decanted 
ofT  throng  the  filter-papei  without  disturbing  the  pTodpitate 
(fig.  37).  After  tho  liquid  baa  been  decanted  through  the 
filter,  a  freeh  quantity  of  distilled  water,  or  other  washing 
liquid,  ia  ponied  upon  the  precipitate,  and  the  contents  of 
the  beaker  are  atiired  or  boiled     The  precipitate  is  (hen 

Fio.  87. 


allowed  to  subside,  and  the  clear  washing  liquid  is  decanted 
off  through  the  same  filter.  These  operations  are  repeate<1 
several  times  with  fresh  portions  of  distilled  water.  Finally 
the  precipitate  is  transferred  to  the  filter-paper  by  means 
of  the  fine  stream  from  the  wash-bottle ;  the  removal  of  the 
precipitate  being  assisted,  if  necessary,  by  the  use  of  a  glass 
rod,    tipped    with  about  an  inch    of  tightly-fitting  smooth 
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india-rubber  tnbing.  The  washing  of  the  precipitate  and  of 
the  filter  is  then  completed  by  the  Btreom  from  the  wash- 
bottle. 

If  part  of  the  predpitate  adheres  firmly  to  the  interior  of 
the  Teasel,  it  may  generally  be  rnmoTed  by  rubbing  it  with 
th«  rubber  end  of  the  glass  rod.  Occasionally  it  must  be 
dissolved  and  reprecipitated  in  the  vessel. 

Tb»  rubbei-tipped  end  of  tlie  glass  rod  shonld  Dot  ba  introducad 
into  tiia  liquid  until  the  main  precipitate  hu  been  ramoTod  to  the  Gltar, 
rioca  tbo  praoipitate  ii  likely  to  And  its  way  betwMn  the  gbss  and 
the  rubber,  and  to  be  retained,  anleB  the  end  of  the  rubber  has  been 
closed  ao  as  to  form  a  cap. 

A  OonTenlent  Waih-Bottle  is  shown  in  Sg.  88.  It  oonaista  of  an 
eightesn-OQDoe  oonical  flaak  fitted  with  an  indiaTiibber  cork  and  tubes 


in  the  ordinary  way.  The  jet,  however,  it  morabls,  since  it  is 
attached  bj  india-rubber  tubing.  This  enables  the  stream  of  liquid  to 
be  prcijeoted  in  an;  direotioD, 

When  Boiling  Water,  or  a  Uqnid  whiiA  gives  off  Vapour  or  Oas, 
is  used  in  the  wash-bottle,  a  special  stopper,  shown  in  fig.  SB,  should 
be  used,  to  prerent  the  gas  or  vapour  from  entering  the  mouth. 

The  stopper  is  perforated  wiUi  three  holes.  Ilirough  the  centre 
hole  is  poshed  a  short  glass  tube  (a)  which  terminates  just  above  and 
just  below  the  stopper. 

The  other  holee  cari^  the  jet  (b)  and  blow-tube  (e),  at  in  the 
ordinary  bottle.     The  lower  end  of  the  blow-tube,  however.  Is  fitted 
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with  a  yalve  by  dipping  over  it  a  piece  of  rabber  tube,  which  has  a 
slit  cut  in  it  as  is  shown  at  c,  and  is  closed  by  a  piece  of  glass  rod. 

While  the  wash-bottle  is  being  used  the  tube  (a)  b  dosed  by  the 
finger,  and  air  is  blown  in  through  the  valve  (e).  The  valve  (e)  pre- 
vents the  air  from  returning  through  the  blow-tube,  and  no  vapour 
or  gas  can  therefore  make  its  way  into  the  mouth.  As  soon  as  the 
washing  is  finished,  the  finger  is  removed  from  (a)  and  the  stream  of 
liquid  is  thus  at  once  stopped. 

54.  The  FoUowing  Precantioiui  should  be  observed  during 
filtration  and  while  the  precipitate  is  being  washed  on  the 
filter-paper : — 

The  filter-paper  must  fit  closely  to  the  funnel,  and  the 
overlapping  parts  of  the  paper  must  be  pressed  together  by 
the  finger  so  that  the  precipitate  cannot  get  between  them. 

The  end  of  the  stem  of  the  funnel  should  touch  the  inside 
of  the  vessel  into  which  the  filtrate  passes.  This  not  only 
prevents  splashing,  but  hastens  filtration. 

The  liquid  should  never  fill  the  filter ;  but  the  upper  edge 
of  the  filter  must  he  carefully  washed  with  the  stream  from 
the  bottle. 

The  washing  liquid  should  be  allowed  to  drain  away  com- 
pletely from  the  filter  before  a  fresh  portion  is  added. 

The  precipitate  should  never  rise  more  than  half  way  up 
the  filter-paper. 

If  the  washing  liquid  is  distilled  water,  it  should  be  used 
hot  when  permiseihle,  as  hot  water  passes  through  the  filter 
more  rapidly  than  cold  water  does. 

In  all  cases  the  final  washing- water  from  the  filter  should 
be  tested  to  prove  that  all  soluble  matter  has  been  removed. 
This  may  be  ascertained  by  evaporating  a  few  drops  of  the 
water  to  dryness  on  a  thin  watch-glass,  and  seeing  if  there  is 
any  residue ;  or  a  delicate  test  may  be  applied  for  the  substance 
which  is  being  removed  by  the  washing  process. 

ExpERixsNT  13.— The  predpitate  of  BaS04  (52,  Exp^  11}  may  be 
washed  by  pouring  off  the  supernatant  liquid  through  the  filter, 
taking  care  that  no  precipitate  is  poured  off  with  the  liquid.    The 
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precipitate  is  then  stirred  up  and  boiled  three  times  in  sucoesaion  with 
fresh  portions  of  hot  water,  the  precipitate  being  allowed  to  sub- 
side after  each  addition  of  water,  and  the  supernatant  liquid  being 
poured  off  through  the  filter-paper. 

Finally  the  precipitate  is  transferred  to  the  filter  in  the  manner 
already  described.  The  washing  is  then  continued  on  the  filter,  until 
the  addition  of  AgNO^  solution  to  the  last  few  drops  of  the  washing- 
water  no  longer  gives  any  turbidity.  This  precipitate  is  reserved  for 
the  further  treatment  which  is  described  in  Exp.  17  (78). 


ACOBLBRATBD   FILTRATION. 


It  is  often  desirable  to  hasten  the  process  of  filtration 
and  washing.  This  is  especially  the  case  when  a  flocculent 
precipitate  is  being  dealt  with. 

55.  Acceleration  by  Lengthened  Funnel-tube. — One  of 

the  simplest  means  of  increasing  the  rate  of  filtration  is  to 
attach  to  the  funnel  an  ordinary  glass  tube,  bent  as  is  shown 
in  fig.  40.  As  soon  as  the  filtrate  has  filled  the  tube,  the  weight 
of  the  column  of  liquid  tends  to  draw  the  liquid  through  the 
filter,  and  the  rate  of  filtration  is  accordingly  increased. 

Another  simple  method  is  to  attach  to  the  funnel  a 
straigM  piece  of  thick  glass  tube  about  2  feet  in  length  and 
only  one  millimetre  in  bore.  The  liquid  passes  down  the 
tube  in  a  nearly  unbroken  column,  the  weight  of  which  tends 
to  draw  the  liquid  through  the  paper. 

In  order  that  these  methods  may  be  effectiye,  it  is  necessary  that 
no  air  shall  pass  through  the  filter,  and  that  the  neck  of  the  funnel 
and  the  attached  tube  shall  remain  filled  with  water  throughout  the 
process  of  filtration.  In  order  to  insure  this,  the  filter-i)aper  must  be 
fitted  into  the  funnel  with  great  care,  and  must  be  proved  to  be  air-tight 
by  pouring  distilled  water  through  it.  If  air  is  drawn  through  between 
the  glass  and  the  paper,  gentle  pressure  of  the  finger  on  the  moist 
paper  will  usually  prevent  this  leakage  by  bringing  the  paper  per- 
manently into  contact  with  the  funneL 

56.  Acceleration  by  Filter-pump. — The  most  rapid  fil- 
tration, however,  is  secured  by  reducing  the  atmospheric 


M.] 


THS  PBOCESS   OF  ULTBATION. 


55 


Fio.  40. 


pressure  beneath  the  funnel.  The  full  atmospheric  pressure, 
being  still  exerted  on  the  surface  of  the  liquid  in  the  filter, 
forces  the  liquid  through  the  filter. 

The  pressure  thus  brought  to  bear  on  the  filter-paper  may 
be  greater  than  the  ordinary  paper  in  the  wet  condition 
can  support.  It  becomes  necessary,  therefore,  either  to  use 
special^  prepared  toughened  filter-paper,  or  to  support  the 
ordinary  paper  in  a  suitable 
way  (57)9  so  as  to  enable  it  to 
withstand  the  pressure. 

The  filter-paper  is  fitted  as 
follows : — A  funnel  is  selected, 
the  sides  of  which  inclose  an 
angle  of  60^  The  muslin  or 
the  platinum  cone,  if  required 
(57,  b,  c),  is  placed  in  the  fun- 
nd;  and  then  a  dry  filter- 
paper,  folded  in  the  ordinary 
manner,  is  inserted.  The  filter- 
paper  is  pressed  with  the  finger 
until  the  supporting  muslin  or 
platinum  and  the  paper  fit  the 
sides  of  the  funnel  closely : 
and  while  it  is  thus  held  in  ^^ 
position,  the  filter  is  wetted  by  '^ 
pouring    in    a   little    distilled 

water.  The  overlapping  edges  of  the  filter-paper  are  pressed 
down  by  the  finger,  and  any  air-bubbles  between  the  funnel 
and  the  paper  are  also  carefully  removed  by  pressure. 

The  funnel  is  then  fitted  by  means  of  a  perforated  rubber 
stopper  into  the  neck  of  a  clean,  strong,  conical  filtering- 
flask,  of  about  24  ounces  capacity.  The  flask  is  placed  in 
connection  with  an  exhausting  syringe,  or  better  with  a  suit- 
able water-aspirator  (58),  by  means  of  the  side-tube  in  its 
neck  (fig.  41). 

For  conyenienoe  In  withdrawing  the  filtrate  or  washings  during 
the  filtration,  it  will  often  be  found  convenient  to  substitute  a  vessel, 
pronded  with  a  tube  and  stopcock  below,,  for  the  filter-flask.    The 
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bntter-flaak  (fig.  84,  p«T.  600)  nuy  be  used  for  thU  pnrpoaa.  Or  ui 
OTdinst;  wpantmg-niiiDel  (F,  fig.  42]  may  be  employed.  Tiw  rawel 
is  fitted,  u  ii  shown  in  fig.  42,  with  s  branched  tube,  uns  brsnoh 
(i)  being  connected  with  the  fllter-pnmp,  and  the  other  (a)  being 
provided  with  a  stopcock  for  the  admieaion  of  ur  into  the  vessel. 
The  filtrate  can  be  allowed  to  Sow  oat  ftoja  this  Haak  at  any  time 
during  the  process  hy  opening  the  etop-cocks  (a)  and  (e). 

Before  the  filtration  is  started,  it  is  well  to  fiU  the  filter 
with  distilled  water  and  to  start  the  exhaustion  of  air  from 
the  fiask,  in  order  to  asoertaiu  that  everything  is  in  working 
order.     If  any  air  is  seen  to  be  sucked  down  between  the 

Fio.  41. 


filter  and  the  funnel,  this  may  be  stopped  by  gently  pressing 
the  moistened  edges  of  the  paper  gainst  the  funnd. 

The  exh&ustion  should  be  started  gradually,  since  the  par* 
tides  of  some  precipitates  may  be  easily  drawn  thmugh  the 
paper  at  first. 

During  the  filtration  and  washing,  liquid  should  be  con- 
stantly poured  into  the  filter,  so  that  it  is  never  quite  empty ; 
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Otherwise  fissures  are  apt  to  form  in  the  mass  of  the  precipi- 
tate.  If  this  should  occur,  efficient  washing  becomes  impos- 
sible, since  the  water  ceases  to  pass  through  the  whole  of  the 
precipitate. 

The  operation  of  washing  gelatinous  precipitates  is  very 
much  shortened  when  the  pump  is  employed ;  moreover,  if 
air  is  drawn  through  the  precipi- 
tate for  a  few  minutes  after  the 
washing-water  has  run  through, 
the  timd  required  for  drying  the 
precipitate  in  the  steam-oven  is 
considerably  lessened. 

57.  Special  Filter-paper,  and  Supports 
for  the  Hlter,  are  described  below,  for  use 
when  tbe  filter-pnmp  ia  employed. 

(a).  Thin  Toughmed  Filter-papen  can 
now  be  obtained,  which  will  Batisfac* 
torily  withstand  tbe  atmospherio  pres* 
sore  when  it  is  brought  to  bear  on  them. 

(b).    TougheTied    Paper,    or    Mtulin 
Support,~-lf  OTdinarj  untonghened  filter- 
paper  is  used,   it  may  be  most  simply 
supported  at  the  conical  point  by  means  of  a  small  toughened  paper 
oone  or  filter  dropped  into  the  funnel. 

Or  a  small  circular  piece  of  muslin  may  be  folded  like  a  filter  and 
placed  in  the  funnel ;  the  filter-paper  is  then  folded  and  pushed  into 
position  over  the  muslin. 

(c).  PUUinum  Oone  Support.— The  apex  of  the  untonghened  filter 
may  also  be  supported  by  a  platinum  cone.  To  prepare  this,  a  piece 
of  platinum  foil,  1}  inches  long  by  IJ  inches 
broad,  is  pierced  a  little  below  its  middle  point 
by  a  pin  (fig.  48).  A  cut  is  made  from  the 
middle  of  the  longer  edge  to  this  hole.  The 
comeTB  are  then  removed  by  cutting  with 
scissors  round  the  segment  of  an  inscribed 
circle,  whose  centre  is  the  pin-hole,  as  is 
shown  by  the  dotted  line.  The  foil  is  annealed 
by  being  heated  to  redness ;  it  is  then  folded  into  a  cone  with  the 
pin-hole  as  an  apex,  and  is  adjusted  to  fit  into  the  funnel. 

58L  The  Geisder  Water-aspirator.— A  convenient  form  of  water- 
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aspirator  or  filter-pnmp  is  that  invented  by  Oeissler  (fig.  44).  It  ii 
shown  in  fig.  41  attached  to  a  high-pressure  water-supply  by  means 
of  stout  india-rubber  tubing :  this  tubing  should  have  strong  canvas 
inserted  in  its  walls  to  enable  it  to  withstand  the  pressure  of  the 
water.  The  rubber  tubing  should  be  firmly  bound  with  copper  bell- 
wire  to  the  water-t4ip  and  to  the  aspirator. 

This  aspirator  has  three  tubes  fiised  into  the  ohamber  in  the  upper 
part.  The  upper  vertical  tube  conveys  the  water,  which  passes 
through  the  contracted  end  of  this  tube  into  the  opening  imme- 
diately below  it  During  its  free  passage,  after  leaving  the  jet,  the 
water  draws  air  from  the  ohamber  and  carries  it  away 
Fig.  44.  through  the  lower  vertical  outlet  tube.  Air  is  thus  drawn 
through  the  side  horizontal  tube  ;  and  any  vessel  which  is 
placed  in  connection  with  this  tube  vrill  consequently  be 
gradually  exhausted  of  its  air. 

The  side-tube  of  the  filter -pump  is  connected  with  a 
tube  which  passes  to  the  bottom  of  a  small  two-necked 
bottle  (fig.  41).  The  other  tube  of  this  bottle  passes  just 
through  the  cork  in  the  second  neck,  and  is  connected 
by  rubber  tubing  with  the  side-tube  of  the  filtering- 
flask. 

The  two-necked  bottle  serves  to  prevent  any  tap-water 
from  the  aspirator  from  finding  its  way  back  into  the  filter- 
ing-flask. When  the  water-supply  is  suddenly  checked, 
the  water  from  the  aspirator  is  drawn  back  through  the 
side-tube  by  the  partial  vacuum  ;  but  instead  of  entering 
the  filtering-flask,  it  is  received  by  the  two-necked  bottle.  The 
water  is  thus  prevented  from  mixing  with  the  filtrate  in  the  flask.  As 
soon  as  the  pump  is  again  started,  the  water  in  the  bottle  is  rapidly 
sucked  out. 

A  current  of  steam  from  a  vessel  of  boiling  water  may  be  blown 
down  the  top  tube  of  the  aspirator,  instead  of  using  high-pressure 
water  for  producing  suction. 

A  Kodifled  Appamiai  for  rapid  filtration  U  described  in  paragraph  804. 

ExPBRiMBNT  14. — Transfer  the  liquid  containing  the  precipitate 
of  Al^HO)e  (52,  Exp.  12)  to  a  filter  paper  fitted  into  a  funnel  which 
is  connected  with  the  filter-pump.  Wash  with  successive  quantities 
of  hot  water,  until  the  washing-water  as  it  leaves  the  funnel  no 
longer  turns  turmeric-paper  brown.  Afterwards  continue  the  wash- 
ing, until  the  last  few  drops  of  the  washing-water  give  no  precipitate 
on  being  boiled  with  BaClg  solution  and  allowed  to  stand  for  a  few 
minutes.    Reserve  the  precipitate  in  the  filter  for  further  treatments 
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Drying  PRBCiPiTATna 

59.  The  filtered  and  washed  precipitate  must  now  be  dried 
and  weighed. 

Occasionally  it  is  necessary  to  directly  weigh  the  dried  filter 
and  precipitate.  The  weight  of  the  filter-paper,  dried  at 
100^-1  lO"*  C,  must  then  be  first  ascertained.  The  precipitate 
and  paper  are  thoroughly  dried  at  the  same  temperature 
and  weighed.  The  weight  of  the  precipitate  is  found  by 
difference  (61). 

A  special  method  of  procedure  must  be  adopted  (62)  where 
the  precipitate  requires  to  be  heated  above  110*  in  the  pro* 
cess  of  drying  ;  since  the  filter  would  be  charred  if  it  were 
heated  above  that  temperature. 

In  most  cases,  however,  a  more  rapid  and  accurate  method 
may  be  employed.  This  consists  in  drying  the  precipitate  in 
a  filter  of  unknown  weight.  The  dry  filter  ia  then  burnt, 
and  the  ignited  precipitate  is  weighed  together  with  the  ash 
of  the  filter  (73-78).  The  weight  of  the  filter-ash  is  usually 
so  small  as  to  be  negligeable :  if  it  affects 
the  result,  its  amount  must  be  deter- 
mined (64). 

6a  The  Filtar  and  Fredpitate  are 
Dried  at  100"  C,  for  subsequent  incinera- 
tion of  the  filter,  as  follows : — The  funnel 
containing  the  filter  and  precipitate  is  covered 
loosely  with  a  filter-paper,  so  as  to  exclude 
dust,  and  is  then  supported  on  a  trun- 
cated tin  cone  (fig.  45)  or  other  suitable 
stand  in  the  steam-oven  (38).  The  cone  allows  the  heated 
air  to  circulate  freely  around  the  funnel,  and  to  heat  and  dry 
the  filter  and  precipitate. 

SxpBBiMBVT  16.— The  washed  precipitates  of  BaS04  and  of  AL^HO)e, 
from  £z|«riment8  13  and  14  (pp.  63,  68),  are  dried  in  the  above 
manner. 
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6i.  The  Filter  and  Precipitate  are  Dried  at  a  Tempera- 
ture not  exceeding  110**  C,  and  are  then  Weighed  without 
further  Treatment  by  one  of  the  following  methods  (a,  b). 
Of  these  the  first  is  the  usual  method  of  procedure.  But  the 
second  is  sometimes  adopted,  because  it  can  be  more  rapidly 
carried  out. 

(a).  If  the  precipitate  requires  to  be  dried  at  100**  C,  the 
steam-oven  may  be  used  (6o).  If  a  temperature  higher  than 
100*  C.  is  requisite,  the  air-oven  (40)  is  substituted :  but  in 
this  case  the  temperature  must  not  exceed  110**  C,  else  the 
paper  will  be  charred. 

When  a  nnmber  of  filters  have  to  be  dried  at  the  same  time  a  special 
air-hath  of  the  general  shape  shown  in  fig.  88  (p.  46)  will  he  found 
convenient.  It  is  closed  above  by  a  flanged  lid  provided  with  air 
outlets  and  carrying  a  thermometeor ;  there  are  air  inlets  below,  and 
midway  in  the  interior  is  supported  a  metal  frame  carrying  cross  wires 
at  right  angles  to  one  another,  and  in  the  squares  thus  formed  the 
funnels  are  supported. 

In  all  cases  the  weight  of  the  dried  filter,  which  is  to  be 
used  in  the  filtration,  must  first  be  ascertained.  If  the  liquid 
which  will  pass  through  the  filter-paper  is  likely  to  extract 
any  constituent  from  it,  the  paper  should  first  be  treated  with 
this  liquid.  Paper  already  prepared  in  this  way  can  usually 
be  bought. 

In  order  to  dry  the  filter,  it  is  folded  and  placed  in  a 
small  beaker,  or  in  one  of  the  filter-tubes  (fig.  7,  p.  12), 
or  upon  one  of  the  watch-glasses  with  clip  (fig.  8).  The 
vessel  containing  the  filter-paper  may  then  be  placed  on  the 
floor  of  the  steam-oven.  If  the  air-oven  is  used,  the  vessel 
should  be  placed  on  a  tripod,  made  of  a  pipe-clay  triangle 
or  other  non-conducting  material,  and  must  not  rest  on 
the  floor  of  the  oven.  If  this  is  not  attended  to,  the 
temperature  of  the  filter  may  become  much  higher  than 
that  registered  by  the  thermometer  inside  the  air-oven,  since 
the  heat  will  be  conducted  directly  from  the  hot  floor  of  the 
oven  to  the  glass  and  fllter.  The  fllter  would  then  become 
charred. 

After  the  filter-paper  has  been  in  the  oven  for  about  an 
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hour,  it  18  taken  out  and  the  heaker  is  at  once  covered  with 
a  watch-g^iass,  or  the  paper  is  quickly  inclosed  in  the  tuhe  hj 
pushing  over  it  the  second  tuhe,  or  it  is  clamped  hetween  the 
watch-glasses.  It  is  then  allowed  to  cool  in  the  desiccator, 
and  is  weighed  when  it  is  cold.  The  difference  hetween  the 
weight  of  the  empty  glasses  and  that  of  the  glasses  +  filter 
gives  the  weight  or  tare  of  the  filter. 

The  precipitate  is  next  transferred  to  the  filter  in  the 
funnel  and  is  washed  and  dried  as  has  heen  abeady  descrihed 
(53-6z).  The  filter  and  precipitate  are  finally  allowed  to 
cool  in  the  glasses,  and  are  weighed  thus  inclosed. 

In  order  to  make  sure  that  the  filter  and  its  contents  are 
perfectly  dry,  the  cover-glass  is  removed  and  the  drying  pro- 
cess in  the  oven  is  repeated  for  twenty  minutes.  The  filter 
IB  then  covered,  transferred  to  the  desiccator,  allowed  to  cool, 
and  weighed  again.  These  operations  are  repeated  until  two 
consecutive  weighings  do  not  differ  hy  more  than  one  milli- 
gram. From  two  to  three  hours  usually  suffice  for  drying  a 
filter  and  precipitate  in  this  way. 

The  weight  of  the  precipitate  +  filter-paper  is  then  readily 
obtained  by  subtracting  the  weight  of  the  empty  glasses  from 
the  last  weighing ;  and  from  this  the  weight  of  the  precipitate 
is  obtained  by  subtracting  the  tare  of  the  filter. 

Usually  the  weight  of  the  precipitate  is  obtained,  by  sub- 
tracting the  weight  of  the  glasses + filter,  from  the  weight  of 
the  glasses  +  precipitate  +  filter.  It  is,  however,  advanta- 
geous to  know  the  weight  of  the  filter  itself,  in  case  the 
glasses  should  be  broken  before  the  final  weighing  has  been 
taken. 

(b).  Another  Method  consists  in  drying  two  similar  filter-papers  in 
the  way  already  described,  and  then  adjusting  them  to  precisely  the 
same  weight,  by  trimming  the  heavier  one  with  scissors.  One  of  these 
filters  is  then  placed  beneath  the  other  in  the  fdnnel  during  the  pro- 
cesses of  filtration,  washing  and  drying.  The  lower  filter  is  remoyed 
and  is  placed,  daring  the  weighing,  npon  the  pan  with  the  weights, 
and  serves  as  a  counterpoise  to  the  filter  which  contains  the  preci- 
pitate. The  weight  of  the  precipitate  is  thus  obtained  directly  by  the 
weighing. 
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62.  When  the  Precipitate  requires  to  be  Dried  at  a 
Temperature  above  110**  0.,  and  to  be  Weighed  without 
further  Treatment,  the  weight  of  the  filter  dried  at  100^  is 
first  determined;  the  weight  of  the  filter  and  precipitate, 
after  being  dried  at  100*"  C,  is  then  ascertained  (6l). 

Then  a  portion  of  the  precipitate  is  removed  from  the  filter 
to  the  watch-glasses  (fig.  8,  p.  12)  and  is  weighed.  This  por- 
tion is  heated  to  the  required  temperature  for  at  least  twenty 
minutes,  then  cooled  in  the  desiccator  and  weighed :  and  this 
process  is  repeated  until  the  precipitate  ceases  to  lose  in 
weight.  From  the  result  thus  obtained,  the  weight  which 
the  whole  precipitate  would  possess,  after  having  been  dried 
at  the  higher  temperature,  can  be  calculated. 


Ignition  of  Precipitates. 


63.  After  the  precipitate  has  been  dried  in  the  funnel 
(60),  it  is  usually  ignited  and  then  weighed.  In  this  process 
the  filter  is  burnt,  and  the  weight  of  the  ash,  if  it  is  appreci- 
able, is  subtracted  from  the  total  weight  of  the  ignited 
precipitate  and  filter-ash. 

64.  The  Weight  of  the  Filter-ash  is  usually  less  than  a 
milligram,  and  is  negligeable,  but  it  is  well  to  determine  the 
average  weight  of  the  ash  of  a  filter-paper  of  each  size  which 
is  in  use.    This  may  be  found  as  follows : — 

Six  of  the  cut  filter-papers  are  selected  from  different  parts  of  the 
packet,  or  six  circular  filter-papers  are  cut  of  precisely  the  same  size 
from  different  sheets  of  the  paper.  These  are  carefully  folded  and 
burnt,  one  by  one,  to  a  perfectly  white  ash  in  a  weighed  platinum 
crucible.  The  crucible  containing  the  ash  is  then  weighed.  The  total 
weight  of  the  ash  thus  obtained,  when  divided  by  six,  will  give  the 
average  weight  of  the  ash  from  one  filter -paper. 

65.  The  Vessels  used  for  the  Ignition  of  precipitates  are 
usually  crucibles  made  of  platinum,  silver,  nickel,  or  porcelain 
(figs.  51,  52,  pages  65,  66). 

Whenever  it  is  admissible,  a  vessel  of  platinum  should  be 
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used.  A  thin  platinum  veesel  can  be  more  rapidly  and 
nniformly  heated  than  one  made  of  porcelain  ;  it  resists  the 
action  of  a  coal-gas  flame  better  than  nickel  does,  and  it  is 
practically  infusible.  A  crucible  1*25  inches  in  height  and 
1*25  inches  in  diameter  will  be  found  convenient  for  most 
purposes. 

A  small  open  platinum  dish  or  capsule  (figs.  49,  50,  p.  65} 
will  often  be  found  more  convenient  for  the  ignition  of  sub- 
stances than  a  platinum  crucible.  The  dish  may  be  about  2 
inches  in  diameter,  and  have  an  extreme  depth  of  about 
three-quarters  of  an  inch. 

The  clean  empty  crucible  or  capsule  should  always  be 
weighed,  after  being  heated  to  redness  and  cooled  in  the 
desiccator,  before  it  is  used. 

66,  A  Platlnimi  or  Nickel  Cmcible  or  Oapenle  may  readily  be 
Gleaned  by  mbbing  the  metal  with  the  moistened  finger,  which  has 
been  dipped  into  cmshed  pumice  or  into  sea-sand.  The  sand  should 
be  examined  through  a  lens  before  it  is  used  for  this  pnrpose.  If  the 
grains  are  seen  to  be  rounded  and  pebble-Iike,  the  sand  is  suitable ; 
but  if  they  are  angular  the  sand  should  be  rqected,  since  it  would 
scratch  the  metal. 

If  the  stains  cannot  be  thus  removed  from  the  surfiMse  mechanically, 
a  little  KHSO4  may  be  fused  in  the  yessel.  The  sulphate,  when  cold, 
is  removed  by  boiling  it  with  water,  and  the  dull  surface  of  the  platinum 
is  finally  polished  with  sea-sand  or  pumice. 

67.  Prevention  of  Reduction  or  Oxidation  during  Ignition. — When 
a  precipitate  which  can  suffer  reduction  or  deoxidation  is  being  heated, 
care  must  be  taken  that  the  flame  does  not  come  into  contact  with  the 
interior  of  the  crucible,  else  reduction  of  v      aa 

the  substance   may  toke  place.     This  is  fj^'  ^' 

best  avoided  by  applying  a  small  flame  to    ■'  =. 

the  bottom  of  the  crucible,  and  slanting 
the  crucible  (fig.  52,  p.  66). 

When,  on  the  other  hand,  oxidation 
during  the  ignition  of  the  precipitate  must 
be  avoided,  air  is  excluded  by  passing  a 
current  of  dried  coal-gas  or  hydrogen  con- 
stantly through  the  crucible.  Bose's  per- 
forated lid  and  flanged  jjorcelain  tube  (fig.  46)  may  he  used  for  this 
purpose.  A  slow  stream  of  gas  is  conveyed  into  the  crucible  by  the 
tube,  and  escapes  from  beneath  the  lid. 
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An  inverted  day  tobacco-pipe,  of  suitable  size,  may  replace  Rose's 
lid  and  tube :  the  stem  of  the  pipe  serves  as  the  gas-tube,  and  the 
inverted  bowl  takes  the  place  of  the  lid,  as  is  seen  in  fig.  47. 

68.  The  Orucible  is  usually  Supported  upon  a  pipe-clay 
triangle  (figa  50,  51,  52),  or  upon  a  triangle  made  of  stout 
platinum  wires  twisted  together  (fig.  49). 

The  pipe-clay  triangle  may  have  a  projecting  edge  in  the 
middle  of  each  side  (fig.  48).  This  enables  the  flame  to  pass 
between  the  crucible  and  the  triangle,  and  secures  a  more 

Fio.  47.  Fig.  48. 


uniform  heating  of  the  crucible;  it  also  strengthens  those 
parts  of  the  triangle  which  are  most  subject  to  wear  and 
breakage. 

The  triangle  is  usually  supported  over  the  flame  by  a 
tripod-stand  (flg.  51),  or  by  the  ring  of  a  retort-stand  (fig.  52, 
p.  66).  Occasionally  the  burner  itself  serves  to  support 
the  triangle  (figs.  49,  50). 

69.  The  Temperature  and  Duration  of  the  Ignition  will 
vary  with  the  nature  of  the  precipitate. 

In  all  cases  the  heat  should  be  applied  gradually.  This 
is  especially  necessary  when  the  substance  is  imperfectly 
powdered,  when  it  is  not  perfectly  dry,  or  when  it  is  in  the 
form  of  a  very  light  powder. 

70.  A  convenient  method  of  Igniting  Fredpitates  at 
a  (HHnparatiyely  Low  Temperature  is  shown  in  figs.  49, 
50.  The  crucible  is  placed  upon  a  triangle  which  rests  upon 
the  chimney  of  a  Wallace-Argand  burner,  the  gauze 
top  of  which  has  been  removed.    When  the  gas,  issuing 
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from  the  ring  at  the  bottom  of  the  burner,  is  kindled  and 
ifl  checked  sufficiently  by  the  tap,  a  corrent  of  heated  air 
plays  against  the  sides  of  the  crucible;  the  crucible  thus 
becomes  uniformly  heated  without  being  soiled  by  contact 

Fio.  Ilk  Fto.  no. 


with  the  flame.     Any  temperature  up  to  a  red-beat  m^y  bo 
imparted  to  the  crucible  or  capsule  in  this  way. 

71.  Tbe  Ordinary  Method  of  ^;nitioa  at  any  tempera- 
ture by  meaiu  of  a  Bunsen-bomer  is  shown  in  fig.  61. 


The  crucible  rests  uimn  a  pipe-clay  triangle  on  the  ring  of  0 
tripod-stand  or  of  ■  retorUstand.     A  retort-stand  (fig.  52)  ii 
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generally  to  be  preferred  as  a  support,  since  it  enables  the 
height  of  the  crucible  above  the  flame  to  be  suitably  adjusted, 
so  as  to  expose  the  crucible  to  the  desired  temperature. 

72.  When  LoBB  of  Liquid  by  Spirting  might  occur,  the 
Substance  is  heated  From  Above. — The  crucible  containing 
the  substance  is  then  inclined  as  is  shown  in  fig.  52.    A 

Fio.  62. 


small  flame  is  placed  under  the  upper  edge  of  the  crucible, 
and  the  substance  is  heated  partly  by  heat  radiated  from  the 
lid,  and  partly  by  the  conduction  of  heat  down  the  side  of  the 
crucible. 


Ignition  of  the  Preoipitatb  and  Incineration  of  the 

Filter  in  Onb  Process. 

73.  This  method  is  employed  when  the  combustion  of  the 
filter-paper  can  exert  no  reducing  action  upon  the  precipitate. 
It  is  carried  out  as  is  described  below. 
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The  filter  and  precipitate  are  first  thoroughly  dried  in  the 
steam-oyen.  The  filter-paper,  still  containing  the  precipitate, 
is  then  folded  together ;  and  the  free  edge  of  the  paper  is 
tamed  down,  so  as  to  inclose  the  precipitate  in  as  small  a 
space  as  possible.  The  filter  is  now  placed  in  the  crucible, 
which  is  nearly  covered  with  the  lid,  a  small  space  only 
being  left  for  the  escape  of  the  gases  which  are  formed, 
by  the  combustion  of  the  filter-paper. 

The  heat  must  be  applied  with  moderation  at  first.  But 
as  soon  as  the  flame  due  to  the  burning  of  the  combustible 
gases  is  no  longer  seen,  the  Hd  may  be  removed,  and  the 
heat  may  be  increased  until  the  required  temperature  is 
attained.  After  the  filter-paper  has  been  converted  into  ash, 
and  the  black  carbon  from  the  paper  has  been  completely 
bumt^  the  source  of  heat  is  removed.  As  soon  as  the  crucible 
has  cooled  below  redness,  it  is  removed  by  means  of  a  pair  of 
clean  crucible-tongs  to  the  desiccator.  The  crucible  lid  is 
then  ignited,  if  necessary,  until  it  is  clean,  and  is  placed  upon 
the  crucible.  The  crucible  is  weighed  with  its  contents  as 
soon  as  it  is  cold.  It  will  usually  require  about  twenty 
minutes  for  cooling. 

If  the  Filter-paper  is  Difficult  to  Incinerate,  and  black  particles 
of  carbon  persistently  remain,  the  combustion  may  be  hastened  by 
bringing  the  portions  of  nnbnmt  filter-paper  against  the  hottest  portion 
of  the  crucible.  This  may  be  effected  by  a  stout  platinum  wire,  which 
has  been  fused  into  a  piece  of  glass  tubing  to  serve  as  a  handle.  A 
small  blowpipe-flame  may  be  used  to  produce  a  higher  temperature,  and 
thus  aid  in  effecting  the  complete  incineration  of  the  paper.  Another 
plan  for  hastening  the  combustion  of  the  carbon  is  to  introduce  a 
gentle  stream  of  oxygen  into  the  crucible.  Or  the  cold  ash  may  be 
moistened  with  a  drop  of  saturated  ammonium  nitrate  solution,  and 
then  be  carefully  dried  and  again  ignited.. 

Ignition  of  the  Undried  Precipitate. — Some  precipitates,  such  as 
A1^H0)8  and  Cr](HO)0,  which  have  been  washed  and  drained  by 
means  of  the  filter-pump,  may  be  ignited  without  having  been  pre- 
viously dried  in  the  steam-oven.  In  this  case  the  lid  must  cover  the 
crucible  until  all  the  moisture  and  gases  have  been  expelled,  and  the 
heating  must  be  very  gradually  increased,  starting  with  a  small  flame 
placed  at  some  distance  below  the  crucible. 
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Experiment  16.— Careftilly  wrap  up  the  precipitate  of  Al2(H0)e, 
which  has  heen  already  dried  (6o),  and  place  it  in  a  platinum  or 
porcelain  crucible,  which  has  been  recently  ignited  and  weighed. 
Nearly  cover  the  crucible  with  the  lid.  Ignite  the  crucible,  placed 
in  an  upright  position  (fig.  51,  p.  66),  very  slowly  at  first.  Then 
gradually  increase  the  temperature  until  the  crucible  becomes  red-hot. 
Maintain  this  temperature  for  ten  minutes,  and  finally  heat  the  crucible 
over  the  table  blowpipe-flame  to  bright  redness  for  five  minutes. 

Allow  the  crucible  to  cool  somewhat ;  then  transfer  it  to  the  desic- 
cator by  means  of  the  crucible-tongs,  and  weigh  it  as  soon  as  it  is  cold. 
Heat  the  crucible  once  more  by  the  blowpipe-flame,  cool  it  in  the 
desiccator,  and  weigh  it  again.  Repeat  this  process,  if  necessary, 
an  til  the  weight  does  not  become  reduced  by  more  than  a  milligram, 
by  the  last  ignition. 

From  the  original  weight  of  the  salt  used  (52,  Exp.  11),  and  the 
weight  of  the  precipitate  (AlaOj)  obtained  after  ignition,  the  per- 
centage of  aluminium  in  potassium  alum  may  now  be  calculated. 

The  method  of  entering  the  results  of  the  weighings  and  of  making 
the  calculations  is  shown  below. 

EMimation  of  Al  in  A1K(S04)2.12H30  :— 

First  weight  of  bottle  +  alum, 19*8685 

Second  weight  of  ditto, 18*3980 

Weight  of  alum  used,        .        .        .  1*4655 

Weight  of  precipitate  ( AI2O3)  +  crucible  +  filter-ash ,     .        16  '7408 
Weight  of  crucible  alone, 16  5809 

0*1594 
Weight  of  filter-ash 0  0022 


Weight  of  AlgOj,       ....  0*1572 

The  weight  of  aluminium  in  this  AI2O3  is  found  by  the  following 
proportion  : — 
As  the  molecular  weight  Al^Og  :  the  molecular  weight  AI9  :  :  weight 
of  AI3O3  found  :  weight  of  Al. 

Or,  as  102*16  :  64*16  :  :  0*1672  :  :  008334 

And  the  percentage  of  aluminium  in  the  salt  is  found  by  the  pro- 
portion : — 
As  the  weight  of  substance  taken  :  the  weight  of  Al  found  :  :  100  : 
the  percentage  weight  of  Al. 

Or,  as  1-4665  :  0*08334  ;  100  :  :  6  69 
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The  two  proportEon  Bt«t«toeDt«  aboTe  m&j  b«  combined  into  one  com* 
pound  proportion  itatement  u  follow* : — 

102-ie  :  G4-ie  :  :  0-IG72  ;  weight  of  Al 
I-4flG5  :  weigbtof  At:  100  :  :  percentage  of  Al 
_[H-iexO'1572i<  1(M_ 
102-18  X  I  ■1605* 


of  Al=e'""'"^?""'  ^'~  =  B-«B 


Now  the  p«roentage  of  Al  ■ctnallj  present  in  poUeh  alum  ia  foond 
by  the  proportion 

Uolecul&r  weight  Weight 

ofaJnni.  ofAl. 

i74'41     :    100  :  :  27-08  :  S-G» 
Hence  the  percentage  error=E'S9-S'B9=  +0*10. 


Ignition  of  thb  Pbboifitatk,  and  Sbparatb  Inoikibatioii 

OF  THE  FiLTEB. 

This  proceBB  is  employed  when  the  combuetion  of  tb.9 
filter-paper  might  exert  a  leducing  action  upon  the  precipi- 
tate, and  in  other  cases  in  which  it  is  desirable  to  keep  ths 
precipitate  apart  from  the  ash.  Three  methods  of  carrying 
ont  this  process  are  described  in  paragraphs  74i  77'  7^ 

74.  First  Method.— The  Filter  is  Burnt  in  a  Flatinnm- 

wire  Coil,  and  the  Ash  and  the  Precipitate  are  Ignited 

together  in  the  Crucible.    The  dry  precipitate  and  filter 

ria.GS. 


arc  taten  from  tho  funnel,  and  the  precipitate  is  carefully 
shaken  out  of  the  filter  into  the  crucible  or  capsule. 

The  crucible  should  meanwhile  be  placed  on  a  piece  of 
glazed  paper  (fig.  63),  which  serves  to  catch  any  particles  of 
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precipitate  which  may  fall  outside  the  crucible.  For  dark 
precipitates  white  paper  may  be  used,  but  for  light-coloured 
precipitates  dark  paper  is  preferable.  Any  particles  of 
the  precipitate  which  remain  adhering  to  the  filter-paper 
should  be  detached  as  far  as  possible  by  gently  rubbing  the 
sides  of  the  filter-paper  together,  and  should  then  be  trans- 
ferred to  the  crucible. 

The  filter-paper  is  then  folded  up  as  is  shown  in  fig.  54, 
and  is  finally  rolled  up  as  is  shown  in  fig.  55.  It  is  then 
bound  by  a  piece  of  platinum  wire,  which  is  coiled  round  it 

Fio.  54.  Fio.  55. 


in  a  spiral  form.  Some  fairly  stout  platinum  wire  about 
6  inches  in  length,  one  end  of  which  has  been  fused  into  a 
piece  of  glass-tubing  to  serve  as  a  handle,  will  be  found 
suitable. 

The  filter-paper  is  then  kindled  by  a  Bunsen-flame,  and  is 
kept  glowing  by  occasionally  introducing  it  into  the  flame, 
until  the  carbon  is  burnt  away.  A  slight  tap  of  the  wire  on 
the  edge  of  the  crucible  will  cause  the  ash  to  fall  into  the 
crucible.  If  the  wire  has  been  coiled  into  a  conical  spiral, 
the  folded  filter  may  be  dropped  into  it,  and  the  ash  may  be 
readily  turned  out  after  the  ignition  by  simply  inverting  the 
spiraL 

Any  particles  of  the  precipitate  or  of  the  filter-ash  which 
may  have  fallen  upon  the  sheet  of  paper  are  then  carefully 
transferred  to  the  crucible  by  means  of  a  smaU  camel's-hair 
brush,  and  the  crucible  and  its  contents  are  ignited,  allowed 
to  cool  in  the  desiccator,  and  weighed. 

75.  If  the  Precipitate  contains  a  Hetol,  wMch  may  be  Bednced 
by  the  Filter  during  its  Incineration,  and  may  then  alloy  with  the 
platinum  wire,  gi^t  care  must  be  taken  to  fold  the  filter  so  as  to 
inclose  the  adherent  precipitate  in  the  middle  of  the  paper  coil.  Or 
the  wire  may  be  dispensed  with,  and  one  of  the  methods  of  incinera- 
tion which  are  described  in  pars.  77,  78  may  be  employed. 
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76,  If  the  Snbstaaoe  can  be  Altered  in  Ck>mpoBition  by  Contact 
with  the  Burning  Filter,  it  is  usually  necessary  to  treat  the  filter-ash 
with  a  suitable  liquid,  in  order  to  restore  that  part  of  the  snbstanoCi 
which  has  been  ignited  on  the  paper,  to  its  original  composition.  In 
this  case  the  ash  is  allowed  to  fiill  npon  a  separate  part  of  the  bottom 
of  the  crucible  or  capsule :  the  ash  can  then  be  treated  apart  from  the 
main  part  of  the  precipitate.  Alternative  methods  are  described  in 
pars.  77  and  78. 

77.  Second  Method.— The  Fflter-paper  is  Incinerated 
on  the  Omcible  lid,  and  the  Precipitate  ia  Ignited  in 
the  Gmcible,  and  both  are  ultimately  weighed  together. 

The  precipitate  is  shaken  out  into  the  crucible,  and  the 
last  traces  of  substance  are  detached  from  the  paper  as 
completely  as  possible. 

The  filter-paper  is  then  cut  up  into  strips  by  a  clean  pair  of 
scissors,  and  these  strips  are  incinerated  one  by  one  upon  the 
inverted  lid  of  the  crucible,  which  is  supported  on  a  pipe-clay 
triangle.    The  crucible  and  its  lid  are  then  ignited  together. 

The  filter-paper  may  be  incinerated  in  a  separate  crucible 
instead  of  on  the  lid. 

7&  Third  Method.— The  Filter  is  Bnmt  in  the  Crucible, 
and  the  Precipitate  is  then  Added  and  Ignited.  This 
method  gives  satisfactory  results  with  careful  manipulation ; 
but  it  will  be  seen  that  a  greater  risk  of  loss  of  precipitate 
is  incurred  than  by  the  preceding  methods.  The  procedure 
is  as  follows. 

The  precipitate  is  carefully  transferred  to  a  watch-glass  or 
to  a  piece  of  glazed  paper,  and  is  covered  with  an  inverted 
funnel  (fig.  56). 

The  filter-paper  is  then  folded  up  and  is  incinerated  by 
heating  it  in  the  crucible.  Or  the  filter  may  be  held  over 
the  crucible  by  the  crucible-tongs  in  the  Bunsen-fiame,  until 
most  of  the  carbon  is  burnt  ofT;  the  residue  is  allowed  to 
drop  into  the  crucible,  and  the  incineration  is  finished  in  the 
crucible  over  the  Bunsen-flame. 

The  precipitate  ia  then  placed  in  the  crucible,  a  small 
camel's-hair  brush,  or  smooth  spatula,  being  used  to  sweep 
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off  the  last  particles  from  the  glazed  suiface.  Finally,  the 
cracible  and  its  contents  are  ignited  at  the  required  tem- 
pantaie. 

ExPBRiHEHT  17. —The  precipitate  of  BsSO^  ntiicb  hu  been  ob- 
tained from  alom,  and  bsa  been  washed  and  dried  {(io),  is  ignited 
according  to  the  first  method  (74). 

The  precipitate  is  detached  as  comp1et«1]r  as  possible  from  tb»  filter- 
papar,  and  is  shaken  into  a  plstintim  cradbla  standing  upon  black 
glazed  paper. 

The  filter.paper,  which  etill  retains  some  of  the  precipitate,  is  eare- 
folly  folded  and  bound  round  hj  a  platinnm  wire  spiiaL  It  is  then 
held  over  the  crnciUe,  and  is  kindled  by  a  Bvnswi-flame  applied  to  it 

Fia.6«. 


in  the  manner  ehown  in  fig.  63.  When  the  paper  l^ae  l)een  barnt  to 
a  white  ash,  this  ash  is  shaken  into  the  crucible  bj  gently  tapping  the 
wire  against  the  edge  of  the  cracible. 

Since  the  burning  of  the  filt«r-paper  may  have  rednced  the  adherent 
BaSO,  to  BbS,  it  U  necestuiry  to  insare  the  reconversion  of  tbU  BaS 
into  BaSO,  in  tbe  following  way.  The  ash  is  moistened  with  one  or 
two  drops  of  dilote  HCl,  and  then  with  one  drop  of  dilnte  H^f 
The  lid  is  then  placed  on  the  crucible,  and  the  cmcible  is  heated  very 
gently  over  the  Bunsen-flame.  As  soon  as  all  the  liquid  has  been 
evaporated,  the  cracible  is  gradually  raised  to  a  dull  red  heat,  and 
is  kept  at  that  temperature  for  about  fifteen  minutes.  The  crucible 
is  then  allowed  to  cool  in  the  desiccator,  and  Ja  weighed.  It  is  again 
heated  for  ten  minutes  at  the  same  tcmperatur.:,  and  ia  weighed 
again  as  soon  as  it  is  cold.  Tliese  operations  are  repeated  as  long  as 
the  contents  of  the  crucible  alter  in  weight. 

Ftom  the  weight  finally  obtained,  the  weight  of  the  BaSOi  can  be 
fonnd ;  and  from  this  the  perccntsge  weight  of  SO,  io  the  alum  can  b« 
calculated. 
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The  following  example  will  serve  to  illostrate  the  methods  of  entry 
and  of  calculation  :  — 


Brtimation  of  80^  in  A]X(804)^2H,0  :~ 

First  weight  of  bottle + aalt. 
Second  weight  of  ditto, 

Weight  of  salt  used, 

Weight  of  crucible  fBaS04+ ash,    • 
Weight  of  crucible  alone, 


Weight  of  filter-ash, 
Weight  of  BaS04, 


15-8728 
14-7954 

1-0769 

17-6415 
16-5806 

1-0609 
0-0022 

1  -0587 


The  weight  of  SO4  in  the  BaS04  ^  ^^'^^  found  by  the  following  pro- 
portion : — 

BaS04        SO4         BaS04  found 

233-06  :  96  06  :  :  1-0587  :  0;4368  gram  SO4. 

And  the  percentage  weight  of  SO4  in  the  potassium  alum  is  then 
calculated  fVom  the  weight  of  the  alum  used,  by  the  following 
statement : — 

1-0769  :  0-4363  :  :  100  :  40-52  SQ4  per  cent  (Found). 

Now  the  {)eroentage  weight  of  SO4  actually  present  in  alum  is  calcu- 
lated from  the  above  formula  for  alum  by  the  following  statement : — 

Alum  2SO4 

474-41  :  192-12  :  :  100  :  40-60  SO4  per  cent.  (By  Theory). 

Hence  the  percentage  error  =  40*52  -  40*50  =  +  0*02. 


Pbbpabation  of  Pubb  Substancbs  by  Cbtstallisation. 

The  Use  of  Pure  Substances,  both  for  practice  in  analy- 
tical processes  and  as  reagents,  is  generally  indispensable  in 
quantitative  analysis.  Pure  chemicals  can  now  usually  be 
purchased,  but  some  general  methods  of  purifying  substances 
are  given  here,  in  case  the  analyst  may  require  to  use  them. 
Fuller  details  will  be  found  in  Section  VII.  of  Clowes*  Frao 
tical  Chemistry » 


74  PREPARATION  OP  PURE  [79,  80, 

79.  The  Process  of  Orystallisation  is  applied  to  the  pre- 
paration of  pure  substances  and  of  double  salts. 

Firstly.  The  purity  of  a  soluble  and  crystallisable  chemical 
compound  can  usually  be  insured  by  dissolving  it  in  a  suitable 
medium  and  repeatedly  crystallising  it,  since  by  this  treat- 
ment the  impurities  which  were  present  in  the  original 
substance  are  left  behind  in  the  mother-liquor.  Many  com- 
mercial salts  may  be  purified  by  crystallising  them  once  or 
twice  from  their  solution  in  water  (80). 

Secondly,  Double  salts  can  usually  be  made  by  dissolving 
their  component  salts  in  suitable  proportions  in  as  little  hot 
water  as  possible,  and  crystaUising  the  mixed  solutions.  It 
should  be  noted,  however,  that  in  the  preparation  of  a  double 
salt,  it  is  frequently  necessary  to  mix  the  component  salts  in 
proportions  different  from  those  in  which  they  are  present 
in  the  double  salt  (81). 

80.  In  the  Crystallisation  of  Salts  or  of  Simple  Bodies, 

the  following  is  the  usual  mode  of  procedure. 

A  beaker,  or  flask,  or  a  porcelain  dish  is  used  for  the  solu- 
tion of  the  soHd.  A  hot  and  nearly  saturated  solution  of  the 
solid  in  water  or  in  some  other  suitable  liquid  is  made,  by 
stirring  the  coarsely-crushed  solid  with  the  hot  liquid  until 
the  solid  no  longer  dissolves.  The  hot  solution  is  then  decanted 
from  the  excess  of  solid  into  a  crystallising  dish. 

If  any  suspended  matter  is  present,  the  solution  must  be 
passed  through  a  filter,  in  a  funnel  which  is  surrounded  by 
Fig.  67.  ^^t  water. 

The  apparatus  which  is  used  for 
this  purpose  is  shown  in  fig.  57.  It 
consists  of  a  double-walled  copper 
vessel  in  the  shape  of  a  truncated 
cone.  In  communication  with  the 
interspace  of  this,  is  a  hollow  pro- 
jection (a).  The  apparatus  is  half- 
filled  with  water.  The  water  is  then 
heated  to  boiling  by  placing  a  Bunsen-flame  beneath  the  projection  (a), 
which  is  filled  with  water  communicating  with  that  in  the  jacket.    In 
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this  way  hot  wster  will  ciroulate  throtighout  the  copper  jacket,  and 
thns  the  frinnel  which  is  supported  in  it  may  be  kept  hot  daring  the 
filtration. 

The  clear  hot  solution  is  now  received  in  a  thin  glass  vessel 
which  is  surrounded  with  cold  water,  and  the  solution  is  con- 
stantly stirred  whilst  cooling,  so  as  to  promote  the  formation  of 
small  crystals.  As  soon  as  the  crystals  have  ceased  to  form, 
the  supernatant  liquid  is  poured  off,  and  the  crystals  are 
placed  upon  a  porous  plate  to  drain.  After  the  crystals  have 
drained  for  several  hours,  they  are  broken  up,  and  are  finally 
dried  by  pressing  them  between  folds  of  filter-paper.  They 
are  then  preserved  in  a  well-stoppered  bottle. 

ExPERiMEKT  20. — ^Weigh  out  roughly  250  grams  of  potassium  alum, 
A1K(S04)^  12HaO,  and  dissolve  it  in  200  cc.  of  boiling  distilled  water. 
FUter  the  solution,  if  necessary  ;  cause  it  to  crystallise  by  cooling  it ; 
and  then  dry  the  crystals  as  is  described  above,  and  place  them  in  a 
clean,  dry,  stoppered  bottle. 

ExFEBiMENT  21. — ^Weigh  out  roughly  250  grams  of  copper  sulphate 
crystals,  CuS0^5H90  ;  dissolve  the  salt  in  250  cc  of  boiling  distilled 
water,  crystalliBe,  dry  the  crystals,  and  place  them  in  a  bottle  for 
subsequent  use 

Some  of  the  following  salts  may  also  be  crystallised  for  practice 
They  will  be  of  use  in  estimations,  which  are  described  in  later  parts 
of  this  book: — 

EGl ;  Ama  ;  MgS04.7H30  ;  Ba01a.2H30  ;  ZnS04.7H20  ; 
Pb(CjH,02)a.8HaO  ;  KaCraOy ;  and  HaCA-2HaO. 


8i.  In  the  Formation  and  OrystaUisation  of  Doable 
Salts,  the  mode  of  procedure  varies  with  the  properties  of 
the  substances  to  be  used. 

(a).  The  usual  method  of  preparing  a  double  salt  con- 
sists in  weighing  the  simple  salts  in  the  proportions  in 
which  they  are  contained  in  the  double  salt.  A  hot  strong 
solution  is  then  made  of  each  salt  separately;  these  two 
solutions  are  mixed  together,  and  the  Hquid  thus  obtained  ia 
crystallised  (8o}. 

(b).  This  method,  however,  cannot  always  be  employed, 
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since  a  solution  of  the  component  salts,  prepared  as  is 
directed  above,  will  occasionally  furnish  not  only  crystals 
of  the  double  salt,  but  also  of  one  of  the  component  salts. 
This  difficulty  is  met  in  the  following  preparation  by  using 
an  excess  of  MgSO^.YHgO. 

Experiment  22.— Preparation  of  MgSO4.K2SO4.6H2O.  Weigh  out 
174  grams  of  pure  EaS04  and  820  grams  of  pure  MgS04.7H30.  It 
will  be  noticed  that  the  weight  of  the  MgS04.7H20  is  in  excess  of  the 
molecular  proportion  for  the  reason  already  stated.  Dissolve  these 
portions  separately  in  boiling  distilled  water ;  mix  the  solutions, 
crystallise,  and  dry  the  crystals  of  the  double  salt. 

(c).  In  the  preparation  of  double  salts,  it  must  also  be 
remembered  that  certain  salts,  when  they  are  treated  with 
hot  water,  are  converted  partially  into  insoluble  basic 
salts.  Hence  boiling  water  must  not  be  employed  in 
dissolving  them.  The  following  preparation  will  serve  as 
an  example. 

Experiment  23. —Preparation  of  Fe(NH4)s(S04)3.6H20.  Weigh 
out  132  grams  of  pure  Am2S04,  and  278  grams  of  pure  recrystallised 
FeS04.7H20.  It  will  be  noticed  that  these  weights  are  in  molecular 
proportion.  Dissolve  each  of  these  salts  separately  in  the  smallest 
possible  quantity  of  distilled  water,  at  a  temperature  not  exceeding 
40**  G.  :  then  mix  the  two  solutions,  add  a  few  drops  of  dilute  sul- 
phuric acid,  cool,  crystallise,  and  dry  the  crystals  (80). 

(d).  Some  double  salts  are  most  readily  and  completely 
separated  from  solution  by  pouring  the  solution  into  a  liquid 
in  which  the  salt  is  insoluble.  Thus  the  solution  of  ferrous- 
ammonium-sulphate  (Exp.  23)  may  be  poured  into  alcohol, 
when  the  double  salt  at  once  separates  in  a  granular  condi- 
tion. The  yield  of  the  salt  which  is  furnished  by  tliis  method 
is  also  larger  than  that  obtained  by  crystallisation. 

The  following  Double  Salts  may  be  Prepared,  using  the  molecular 
proportions  of  the  component  salts  denoted  by  the  formulsG  of  the 
double  salts.  The  weighed  salts  are  dissolved  in  the  least  jxtssible 
quantity  of  boiling  water,  and  are  treated  as  has  been  described  above. 

AlK(S04)a.l2H20  ;  Cu(N'H4)s(S04)j.6HaO  ;  CuCla.2AmCl.2HaO. 
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Other  Ways  of  Prbparino  Pure  Substancbs. 

82.  By  Precipitation  (52)  and  subsequent  Washing  (53) 
and  Drying  (59)  many  chemicals  may  be  prepared  in  a 
pure  state. 

Experiment  24.— Preparatioii  of  Pure  CaOO,.  Dissolre  100  grams 
of  pure  cftlcinm  chloride  in  250  c.e.  of  distilled  water.  Heat  the 
solntion  to  boiling,  filter  if  necessary,  and  then  add  a  strong  solution 
of  pure  AmaGOs  as  long  as  any  precipitate  is  caused.  Allow  the 
precipitate  to  subside,  and  wash  it  by  decantation.  Then  transfer 
the  precipitate  to  a  filter  and  wash  it  with  hot  water  until  the 
washing-water  no  longer  gives  any  turbidity  with  AgNOj,  showing 
that  all  the  dissolved  chloride  has  been  washed  away. 

Finally,  dry  the  precipitate  in  the  steam-oven,  detach  it  from  the 
filter-paper,  and  place  it  in  a  bottle  for  farther  use. 

Pure  BaCOj  and  SrCO,  may  be  prepared  in  a  similar  way. 

Experiment  25.— Preparation  of  Pure  KaOl.  Dissolve  100  grams 
of  NaCl  in  400  c.0.  of  distilled  water.  Precipitate  the  NaCl  by  passing 
into  this  solntion  a  current  of  HCl  gas,  which  has  been  washed  by 
bubbling  through  a  little  water  in  a  bottle.  The  delivery  tube  should 
have  an  inverted  funnel  attached  to  it,  by  means  of  a  piece  of  india- 
rubber  tubing,  the  mouth  of  the  funnel  dipping  just  beneath  the 
surface  of  the  sodium  chloride  solution.  This  precaution  is  necessary 
in  order  to  prevent  the  salt  solution  from  ascending  the  delivery  tube. 

The  passage  of  the  gas  into  the  solution  will  cause  the  NaCl 
to  be  precipitated  in  small  crystals.  As  soon  as  the  precipitation 
ceases,  the  NaCl  is  washed  twice  by  decantation  (53)  with  pure  strong 
HCl.  The  salt  is  then  placed  upon  a  porous  tile  or  plate  to  drain,  and 
is  finally  freed  from  HCl  and  from  water,  by  heating  it  in  a  porcelain 
dish  over  a  small  Bun  sen-flame. 

The  NaCl  may  also  be  precipitated  from  its  saturated  solution  by 
the  addition  of  strong  hydrochloric  acid  solution :  and  may  then  be 
washed  and  dried. 

This  pure  dry  NaCl  is  preserved  for  use  in  a  stoppered  bottle. 

Experiment  26. — Preparation  of  Pure  Anhydrous  Tartar  Emetic 
(EG4H4(SbO)O0).  Dissolve  100  grams  of  tartar  emetic  in  the  smallest 
possible  quantity  of  water.  Add  to  this  solution  about  twice  its 
volume  of  methylated  spirit.  Wash  the  salt,  thus  precipitated,  with 
methylated  spirit,  and  dry  it  at  once  in  the  steam -oven. 
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83.  Sublimatioii  is  occasionally  used  for  the  purpose  of 
separating  volatile  from  non-volatile  substances,  and  thus 
effecting  their  purification.  If  a  volatile  substance  is  to  be 
purified,  sublimation  may  be  effected  by  placing  the  sub- 
stance in  a  porcelain  crucible,  and  inverting  over  it  a  similar 
vessel  The  lower  crucible  is  then  gently  heated ;  the 
substance  will  volatilise  and  the  vapour  will  condense  in 
the  upper  crucible.  This  crucible  must  be  replaced  if  it 
becomes  hot. 

Another  method  consists  in  heating  the  substance  in  a 
porcelain  dish,  and  condensing  the  vapour  by  means  of  an 
inverted  funnel  placed  as  a  cover  to  the  dish. 

Unless  the  substance  which  is  to  be  sublimed  is  known  to 
be  perfectly  dry,  it  is  best  to  allow  the  first  portion  of  its 
vapour  to  escape  and  carry  off  the  moisture  with  it. 

Experiment  27.— Ptiriflcatiori  of  Iodine.— Partly  fill  a  poroelain 
crucible  with  a  finely-powdered  and  intimate  mixture  of  three  parts  of 
iodine  with  one  part  of  potassium  iodide.  Cover  this  with  a  second 
crucible,  and  heat  the  mixture  gently.  Remove  the  sublimed  crystals 
from  the  upper  crucible,  and  store  them  in  a  clean  dry  bottle. 

The  mixture  of  potassium  iodide  with  the  iodine  serves  to  free  the 
iodine  from  bromine  and  chlorine  ; — CI  +  KI  =  KCl  + 1. 

Experiment  28. — Beenblimatioii  of  ArseniouB  Oxide. — Introduce 
into  a  small  porcelain  dish  a  thin  layer  of  AS3O3.  Invert  over  this  a 
clean  glass  funnel,  and  heat  the  dish  gently.  Detach  the  sublimate 
from  the  funnel,  and  keep  it  in  a  bottle  for  friture  use. 


Gbnbral  Bulbs  to  bb  obsbrvbd  whilst  Working. 

84.  Many  rules  and  precautions  have  already  been  given 
among  the  preceding  general  directions  for  carrying  out 
analytical  processes.  In  the  following  statement  many  of 
these  directions  are  summarised,  and  others  are  added  which 
wiU  be  of  great  assistance  to  the  student. 

1.  Before  commencing  work,  see  that  the  requisite  reagent 
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bottles  are  filled,  and  filter  those  liquid  reagents  which  are 
not  clear.  Keep  the  bench  surface  scrupulously  clean  and 
dry  during  work. 

2.  All  the  apparatus  which  is  required  for  use  should  be 
perfectly  clean. 

Glass  and  porcelain  vessels  may  usually  be  cleansed  by 
washing  them  with  the  brush.  Or  the  surface  may  be  rubbed 
with  moistened  sea-sand  or  pumice  powder,  or  water  con- 
taining sea-sand  or  powdered  pumice  may  be  shaken  in  the 

Grease  is  generally  removed  by  the  application  of  hot 
solution  of  caustic  alkali ;  strong  acid  serves  to  remove  many 
other  substances. 

Metal  crucibles  and  dishes  are  cleansed  and  polished  by 
rubbing  them  with  moist  sea-sand  or  crushed  pumice. 

The  stains  on  a  platinum  crucible  may  usually  be  removed 
by  fusing  a  little  KHSO^  inside  the  vessel,  or  by  dipping 
the  crucible  into  the  fused  salt  if  the  stains  are  on  the 
outside. 

3.  Before  commencing  the  quantitative  analysis  of  a  sub- 
stance of  unknown  composition,  a  careful  qualitative  analysis 
should  invariably  be  made. 

4.  Before  starting  any  analytical  process,  which  is  un- 
known by  previous  experience,  read  carefully  through  ihe 
whole  of  the  description  which  is  given  it,  and  master  the 
details  of  the  description. 

5.  Never  place  a  substance  directly  on  the  scale-pan  of 
the  balance,  but  put  it  on  a  watch-glass  or  other  suitable 
support. 

6.  No  body  which  gives  off  corrosive  gas  or  vapour  should 
be  weighed  on  a  delicate  balance,  unless  it  is  contained  in  an 
accurately-stoppered  vessel 

7.  When  a  weighing  is  finished,  note  down  the  weight  at 
once  in  the  Note-book  and  check  it.     Take  care  that  the 
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weight  is  entered  correctly,  as  one  wrong  weighing  will  spoil 
an  analysis. 

8.  Never  leave  weights  on  the  scale-pan  after  a  weighing 
has  been  finished  and  recorded. 

Always  close  the  balance-case  as  soon  as  a  weighing  is 
completed. 

9.  After  a  body  has  been  heated,  it  should  be  allowed  to 
cool  in  the  desiccator  before  it  is  weighed,  and  it  should  be 
weighed  as  soon  as  it  is  cold.  Never  allow  a  substance  to 
remain  very  long  in  the  desiccator  before  weighing  it. 

Crucibles  should  be  heated  shortly  before  they  are  used, 
then  allowed  to  cool  in  the  desiccator  and  weighed.  These 
processes  should  be  repeated  each  time  a  crucible  is  used. 

ip.  Platinum  vessels  and  other  metallic  vessels  which  have 
been  heated  to  redness,  should  never  be  touched  with  brass 
crucible-tongs  until  they  have  cooled  below  redness. 

11.  Avoid  splashing  while  filtering  and  pouring  off  hquids. 
Always  pour  a  liquid  from  one  vessel  to  another  by  means  of 
a  wetted  glass  rod,  pressing  the  rod  against  the  edge  of  the 
upper  vessel,  and  thus  conducting  the  liquid  to  the  inside 
sur&ce  of  the  lower  one,  or  to  the  surface  of  the  liquid.  The 
outer  edge  of  the  upper  vessel  should  be  greased  where  the 
liquid  is  poured,  in  order  to  prevent  the  liquid  from  running 
down  the  outside  of  the  vessel. 

12.  Vessels  of  porcelain,  nickel,  or  platinum  should  be 
used  in  preference  to  glass  vessels  for  holding  alkaline 
liquids.  Nickel  and  silver  basins  and  crucibles  should  not 
be  used  with  acid  liquids.  Platinum  should  not  be  used  in 
the  presence  of  aqua  regia,  of  nitric  acid  and  a  chloride,  of 
hydrochloric  acid  and  a  nitrate,  or  of  fused  caustic  alkalis. 

13.  Platinum  vessels  should  not  be  used  for  heating  redu- 
cible compounds  of  As,  Sb,  Zn,  Pb,  Sn  :  nor  should  they  be 
used  for  alkalis,  or  for  alkaline  nitrates  or  cyanides,  or  for 
reducible  or  fusible  phosphates.  Free  carbon  and  silicon  are 
also  very  injurious  to  platinum  at  high  temperatures. 


I 
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A  platinxun  vessel  is  rendered  brittle  by  being  heated  for 
any  length  of  time  in  a  gas-flame  which  deposits  carbon. 

14.  Vessels  which  require  to  be  heated  to  high  temperatures 
should  be  supported  on  platinum,  pipe<clay  or  fire-clay  sup- 
ports. Porcelain  and  other  dishes,  when  they  are  heated  on 
a  water-bath  and  are  to  be  subsequently  weighed,  should  be 
supported  on  glass  rings. 

15.  A  flame  which  is  used  for  heating  crucibles  should 
be  free  from  luminosity  and  strong  colour.  If  the  flame  is 
luminous  it  will  deposit  soot  on  the  vessels  with  which  it  is 
in  contact.  If  it  is  coloured,  it  will  probably  deposit  zinc  or 
copper,  or  their  oxides,  upon  the  vessel  upon  which  it  plays. 

16.  If  an  operation  is  unfinished  when  work  ceases,  the 
vessels  containing  the  substances  should  be  labelled  before 
they  are  put  away.     Never  trust  to  memory  in  these  matters. 


Calculation  and  Entry  op  Results  of  Analysis. 

85.  Entry  in  the  Note-Book. — A  l^ote-book  of  not  less 
than  quarto  size  will  be  found  convenient  for  the  entry  of  the 
results  obtained  during  quantitative  analysis.  The  description 
and  general  results  of  the  analytical  process  may  be  entered 
on  the  right-hand  page,  the  left-hand  page  being  reserved 
for  the  necessary  calculations. 

Each  stage  of  the  analysis  should  be  carefully  and  accu- 
rately entered  in  the  Note-book  as  soon  as  it  is  completed. 

The  rough  entry  in  the  laboratory  may  conveniently  be 
made  in  pencil.  Pencil  writing  is  not  obliterated  by  the 
chemical  action  of  acids  or  of  alkalis,  as  is  the  case  with 
writing  made  by  various  kinds  of  ink. 

When  quantitative  analysis  is  done  under  a  teacher's  direc- 
tion, the  student  may  advantageously  copy  out  in  ink,  in  a 
second  Note-book,  all  the  examples  worked  by  him  j  and  no 
estimation  should  be  considered  as  completed  until  its  entry 
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has  been  carefully  examined,  checked,  and  initialled  by  the 
teacher. 

A  difference  of  0*2  per  cent,  from  the  theoretical  quantity, 
or  from  the  result  of  a  duplicate  analysis,  is  the  TnaxiTnuTn 
error  which  is  usually  allowed  in  the  case  of  simple  quanti- 
tative estimations. 

86.  Example  of  Entry  and  Calculation  in  the  Note- 
Book. — ^The  following  will  serve  as  an  example  of  the 
method  of  full  descriptive  entry  recommended  for  the 
student's  Note-book : — 

Estimation  of  the  amonnt  of  Water  in  CnS04.5Ha0.— 1*8645  grains 
of  the  coarsely-powdered  recrystaUlBed  salt  were  carefully  weighed  in 
the  watch-glasses  and  clip.  The  air-oven  was  next  regulated  so  as  to 
maintain  a  uniform  temperature  of  210**  C.  The  clip  and  the  upper 
watch-glass  were  remoyed  and  the  lower  watch-glass  containing  the  salt 
was  placed  upon  a  pipe-clay  triangle  in  the  air-oyen. 

The  salt  was  heated  in  the  oven  for  two  hours.  The  glass  contain- 
ing the  copper  sulphate  was  then  taken  out,  the  upper  glass  and 
dip  were  quickly  replaced,  and  the  glasses  were  allowed  to  cool  in 
the  desiccator,  and  were  weighed.  The  uncovered  salt  was  again 
placed  in  the  air-oven  and  was  heated  for  half  an  hour.  It  was 
then  allowed  to  cool,  and  was  weighed  again.  These  processes  were 
repeated  until  no  ftirther  loss  of  weight  occurred. 

Weight  of  glasses  and  salt,      •        •        .        .    24*7840 
Weight  of  glass  alone, 22*9196 

Weight  of  salt  taken,    ....       1-8645 


Weight  ofglasses  and  salt,       ....     24*7840 

.   241125)    „,  ,,,^ 
.   24*1115  {    24*1116 


„        after  2  hours'  drying,  . 
„        after  another  half-hour. 


Weight  of  water  driven  off,  .        .        .       0*6726 

Hence  1*8645  grams  of  the  salt  contain  0*6725  gram  of  water : 

0*6726  X 100 
Therefore  the  percentage  weight  of  water = — T^aqIr —  =86 '06. 

The  calculated  percentage  of  water,    .  s=   86*18 
The  percentage  found,        •        .        .  =   86*06 

Hence  the  error, .        •        •        •    =-0*07 
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87.  Calculation  of  the  Besults  of  Analysis. — Several 
examples  have  been  given  of  the  method  of  calculating  the 
percentage  of  a  substance  present  from  the  weight  actually 
obtained.  These  calculations  may  be  shortened  in  most  cases 
by  the  use  of  "  factors,"  and  by  the  use  of  logarithms. 

88.  The  Use  of  Factors. — The  process  of  calculation  may 
be  shortened  by  multiplying  the  result  obtained  by  the 
analysis  by  a  factor.  A  table  of  such  factors  will  be  found 
in  paragraph  77S  ^^  following  example,  applied  to  the 
calculation  on  page  68,  will  illustrate  the  use  of  a  factor. 

In  this  estimation  0*1672  gram  of  AlgO^  was  (bnnd.    The  factor  to 

AL       64'16 
be  nsed  here  to   convert  Al^Os  into  ^=ai  q  =io2-16'~^'^^^^^' 

Hence  the  weight  of  Al  foand=0'1572x  0*58016=0  08334.      From 
this  number  the  percentage  may  be  calculated  as  before. 

The  Use  of  Logarithms. — The  process  of  calculation  may 
also  usually  be  shortened  by  the  use  of  logarithms.  The 
logarithms  used  should  consist  of  at  least  five  figures.  Lo- 
garithms corresponding  to  the  factors  mentioned  above  (88) 
will  be  found  in  paragraph  775* 


PART  IL 

SIMPLE   GEAYIMETRIC 
ESTIMATIONS. 


SEOTIOIf  lY. 


89.  Introductory  Bemarks. — In  the  followmg  descrip- 
tions of  the  processes  for  estimating  various  substances,  the 
most  important  and  typical  processes  are  printed  in  ordinary 
type.  Those  which  are  of  less  importance  are  printed  in 
smaller  type,  and  are  placed,  as  far  as  is  possible,  after  the 
typical  estimation  which  they  most  nearly  resemble.  The 
estimations  of  metals  and  acid-radicles  are  generally  arranged 
as  exercises  of  increasing  difficulty,  rather  than  in  the  order 
of  their  analytical  groups. 

In  most  of  the  exercises  the  substance  upon  which  the 
process  of  estimation  is  carried  out  is  of  known  and  definite 
composition.  The  accuracy  of  the  student's  result  can  there- 
fore be  checked  by  calculating  the  percentage  of  the  con- 
stituent from  the  formula  of  the  substance.  When  the  body 
is  of  unknown  composition,  two  estimations  should  be  made. 
It  is  usual  to  consider  the  percentage  result  which  is  obtained 
sufficiently  accurate  if  it  does  not  differ  by  more  than  0*2 
from  the  duplicate  result  or  from  the  calculated  theoretical 
result.  The  ordinary  methods  of  calculation  and  of  stating 
results  will  be  found  in  the  Examples  in  paragraphs  73,  J^ 
86,  and  88. 
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It  will  be  noticed  that  the  substances  which  are  usually 
given  for  practice  are  soluble  in  water.  If  a  substance  in 
which  an  estimation  has  to  be  made  is  insoluble  in  water, 
the  student  should  ascertain,  by  experiments  made  upon  a 
small  portion  of  the  finely-powdered  body,  what  is  the  most 
suitable  means  of  obtaining  it  in  the  dissolved  state.  The  acids 
may  be  tried  as  solvents  in  the  following  order: — hydro- 
chloric acid,  nitric  acid,  then  a  mixture  of  these  two  acids. 

If  treatment  with  these  solvents  does  not  effect  solution, 
the  substance  may  generally  be  decomposed  by  treating  it 
with  about  six  times  its  weight  of  a  fused  mixture  of  sodium 
and  potassium  carbonates.  The  fused  mass,  after  cooling, 
is  then  fully  extracted  with  water,  and  the  well- washed  in- 
soluble residue  is  dissolved  by  treatment  with  acid. 

The  process  of  treatment  of  an  insoluble  substance  will 
probably  be  familiar  to  the  student  from  his  qualitative  work. 
The  special  precautions  which  should  be  observed  when  this 
process  is  used  in  quantitative  analysis  will  be  understood  by 
reference  to  paragraphs  97,  99,  and  173. 


Estimation  op  Coppbb  in  its  Soluble  Compounds. 

90.  The  Copper  is  precipitated  as  Hydroxide  by  solu- 
tion of  Potassium  or  Sodium  Hydrate;  the  precipitate  is 
ignited,  and  is  weighed  as  GuO. 

NqU, — Copper  cannot  be  completely  precipitated  by  alkaline  hydrate 
from  solutions  which  contain  a  large  quantity  of  alkaline  nitrate. 

The  presence  of  certain  non- volatile  organic  substances  also  prevents 
the  precipitation  from  being  complete  :  these  substances  should  there- 
fore be  destroyed  before  the  copper  is  precipitated  by  potassium  hydrate. 
This  may  be  effected  by  adding  sodium  carbonate  and  potassium  nitrate 
to  the  solution,  then  evajiorating  it  to  dryness,  and  fusing  the  residue. 
The  copper  is  dissolved  out  of  the  residue  by  heating  it  with  dilute 
hydrochloric  add,  and  the  filtered  solution  is  ti'eated  as  is  directed 
below. 

Copper  may,  however,  be  completely  precipitated  from  its  solutions 
in  the  form  of  sulphide,  even  in  the  presence  of  organic  substances,  or 
of  an  alkaline  nitrate  (403). 
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Weigh  out  accurately  about  1  gram  of  crystallised  copper 
sulphate,  CUSO4.5H2O  (Exp.  21,  80),  into  an  18-oz.  beaker, 
or,  better,  into  a  porcelain  or  platinum  dish  (84,  12).  Dis- 
solve the  salt  in  about  100  c.c.  of  distilled  water,  and  if  the 
liquid  is  not  clear  add  a  few  drops  of  dilute  HCL 

Cover  the  beaker  or  dish  with  a  clock-glass  to  prevent  loss 
by  spirting,  and  heat  the  solution  to  boiling.  As  soon  as  the 
solution  boils  remove  the  flame,  take  off  the  clock-glass,  and 
add  boiling  potassium  hydrate  solution  gradually  until  it  is 
shown  to  be  present  in  excess  by  test-paper.  Then  boU  the 
liquid  again,  and  allow  the  precipitate  to  subside. 

In  order  to  ascertain  whether  KHO  is  present  in  excess,  stir  well, 
then  allow  the  precipitate  to  subside,  and  observe  whether  the  super- 
natant liquid  has  become  colourless ;  also  test  the  clear  liquid  with 
turmeric-paper.  If  the  liquid  is  colourless,  and  gives  a  brown  stain  on 
the  paper,  the  presence  of  excess  of  the  alkali  is  indicated.  The  addi- 
tion of  a  large  excess  of  the  alkali  should  be  avoided. 

The  clear  hquid  is  now  decanted  through  a  filter,  using  the 
filter-pump  (56)  to  hasten  the  process  of  filtration.  The  pre- 
cipitate is  twice  washed  by  decantation  by  boilmg  it  with 
water  (53) ;  it  is  then  transferred  to  the  filter  by  means  of  a 
wash-bottle  with  a  fine  jet,  and  a  glass  rod.  The  precipitate 
which  adheres  to  the  beaker  is  removed  by  rubbing  it  with  a 
short  piece  of  tightly-fitting  rubber  tube  pushed  upon  the  end 
of  the  glass  rod.  The  washing  is  continued  until  the  washing- 
water  ceases  to  give  an  alkaline  reaction  to  test-paper ;  it  is 
then  further  proceeded  with,  until  a  few  drops  of  wash-water 
from  the  funnel  no  longer  give  a  white  precipitate  when  they 
are  warmed  with  BaCl^-solution  and  allowed  to  stand  for  five 
minutes. 

As  soon  as  the  precipitate  has  been  completely  washed,  the 
precipitate  and  filter  are  dried  in  the  funnel  in  the  steam- 
oven  (38).  The  filter  is  then  burnt  apart  from  the  pre- 
cipitate (74-78)  in  the  following  manner. 

The  precipitate  is  detached  from  the  filter  as  completely  as 
posstbley  and  is  placed  in  a  crucible,  preferably  of  platinum. 
The  filter  is  folded  up  with  the  soiled  surface  in  the  middle. 
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and  is  bound  round  with  a  spiral  of  platinum  wire.  It  is 
then  burnt  in  the  Bunsen- flame  till  all  the  carbon  is  con- 
sumed. The  crucible  is  now  tapped  upon  the  bench,  so  as 
to  cause  the  precipitate  to  collect  on  one  side,  and  the  filter- 
ash  is  dropped  by  itself  upon  the  other  side  of  the  bottom  of 
the  crucible. 

The  filter-ash  is  then  moistened  with  two  drops  of  strong 
HNO3,  and  is  gently  heated  until  the  excess  of  the  acid  has 
been  driven  off«  The  crucible  and  its  contents  are  heated  to 
redness  for  fifteen  minutes,  and  are  weighed  after  they  have 
cooled  in  the  desiccator. 

The  ignition  is  repeated  for  another  five  minutes,  and  the 
cold  crucible  is  again  weighed :  these  operations  being  re- 
peated until  the  weight  is  constant. 

The  weight  of  GuO  thus  obtained  from  the  known  weight 
of  the  salt,  enables  the  percentage  of  copper  in  the  crystallised 

salt  to  be  calculated. 

Other  Mefhodfl  for  estimating  Copper  will  be  found  in  pars.  335- 
338,403. 


Estimation  of  Niokzl  in  its  Soluble  Goxpoimns. 

91.  The  Nickel  is  precipitated  as  Nickelons  Hydroxide;  this  is 
conyerted  into  Oxide,  NiO,  by  ignition,  and  is  weighed  as  such. 

Jfoto.— If  non-volatile  organic  sabBtances  are  present  in  the  solution,  theee  must 
be  remoTed  before  precipitating  the  nickel  (90,  Note). 

Weigh  oat  aocnrately  about  1  gram  of  pure  nickel  ammonium  sol- 
phate,  Ni(NH4)2(S04)a.6H30  (81),  into  an  18*oz.  beaker,  or,  better,  into 
a  porcelain  or  platinum  dish.  Dissolve  the  salt  in  about  100  o.c.  of 
water,  and  add  potassiam  hydrate  solation  in  excess.  Heat  the  liquid 
for  some  time  nearly  to  boiling,  allow  the  precipitate  to  settle,  then 
wash  it  with  hot  water  three  or  four  times  by  decantation.  Transfer 
the  precipitate  to  a  filter,  and  continue  to  wash  it  until  the  washings 
cease  to  give  a  precipitate  with  barium  chloride  solution. 

Dry  the  precipitate  in  the  steam-oven,  and  ignite  it  in  a  platinum 
crucible  apart  from  the  filter  (77,  78).  Heat  the  crucible  at  first  in  the 
Bunsen-flame,  and  finish  by  heating  it  strongly  in  the  blowpipe-flame. 
Care  must  be  taken  that  the  flame  does  not  enter  the  crucible,  else  the 
result  will  be  low,  owing  to  the  reduction  of  the  oxide  of  nickel  to 
metallic  nickeL 
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It  is  difficult  to  remove  the  last  trace  of  alkaline  hydrate  and  salt 
from  the  nickel  hydroxide,  even  by  long-continued  washing  of  the  pre- 
cipitate. Hence  it  is  necessary  in  very  accurate  determinations  to  treat 
the  ignited  precipitate  with  water,  as  is  described  in  the  estimation  of 
Mn  (129),  and  then  to  dry,  ignite,  and  weigh  the  precipitate  once 
more.  From  the  weight  of  NiO  thus  obtained,  the  percentage  of 
nickel  may  be  calculated. 

An  Eleetrolsrtio  Xethod  for  determining  Nl  Is  given  In  paragraph  805. 


Estimation  op  Iron  in  its  Soluble  Compounds. 

92.  The  Iron  is  precipitated  as  Ferric  Hydroxide; 
this  is  ignited,  and  weighed  as  Ferric  Oxide,  Fe^Og. 

Note, — If  non-volatile  organic  substances  are  present,  these  must  be 
removed  before  precipitating  the  iron  (90,  Note). 

Weigh  accurately  about  1*5  grams  of  ferrous  ammonium 
sulphate,  re(NHj2(S04)2.6H20  (81),  into  an  18-oz.  beaker, 
or,  better,  into  a  porcelain  or  platinum  dish  (84,  12).  Dis- 
solve this  in  about  100  c.c.  of  distilled  water,  containing  a 
few  drops  of  dilute  sulphuric  acid. 

Convert  the  ferrous  into  ferric  salt  by  heating  the  solution 
with  sufficient  strong  nitric  acid  (see  Note  below).  This 
change  is  known  to  be  nearly  complete,  when  the  addition 
of  a  drop  of  strong  nitric  acid  causes  no  brown  colour  in  the 
solution.  The  change  to  ferric  salt  should  be  proved  to  be 
complete,  by  adding  a  small  drop  of  the  dilute  solution  to  a 
drop  of  freshly-prepared  potassium  ferricyanide  solution  on 
white  porcelain,  when  no  blue  colour  must  appear. 

To  the  hot  solution  of  the  ferric  salt  add  AmHO  solution 
in  excess,  and  boiL  Wash  the  precipitate  twice  by  decanta- 
tion  (53) ;  then  transfer  it  to  the  filter,  using  the  filter- 
pump  to  hasten  the  filtration  (56).  Continue  the  washing 
with  the  wash-bottle  until  the  washing- water  gives  no 
precipitate  with  BaCl2  solution. 

Dry  the  precipitate  in  the  steam-oven,  and  then  transfer 
it  to  a  crucible.  Incinerate  the  filter  apart  (74-78)  and  add 
it  to  the   precipitate.     Finally  ignite  the  precipitate  at  a 
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bright  red  heat  over  the  Bunsen-flame  until  its  weight  is 
constant. 

From  the  weight  of  the  Fe^Oj  thus  obtained,  the  percent. 
'  age  of  iron  may  be  calculated. 

NqU, — Solations  of  ferric  salts  will  not  require  the  above  preliminary 
treatment  with  nitric  add,  but  may  be  precipitated  at  once  with 
AmHO  solution. 

Yolnmetrie  Methods  for  Estimating  Iron  will  be  found  in  para 
258-2619  268  and  269. 


Estimation  of  Aluminium  in  its  Solutions. 

93.  The  Almninium  is  precipitated  by  Ammonium 
Hydrate  solution,  as  Aluminium  Hydroxide:  this  ifl 
converted  into  Oxide,  Al^Og,  by  ignition,  and  is  weighed 
as  such. 

NoU  1. — If  non-volatile  organic  substances  are  present,  these  must 
be  removed  before  the  Al  is  precipitated  (90,  NoU\ 

Note  2. — If  the  student  has  already  estimated  aluminium  (Exp.  16, 
page  68)  the  process  need  not  be  repeated  here. 

Weigh  out  accurately  about  1*5  grams  of  pure  recrystal- 
lised  potassium  alum,  A1K(S04)2.12H20  (Exp.  20,  8o),into 
an  18-oz.  beaker,  or,  better,  into  a  porcelain  or  platinum  dish 
(84,  12).  Dissolve  the  salt  in  about  100  c.c.  of  water,  add 
ammonium  chloride  solution  in  moderate  quantity,  and  then 
add  ammonium  hydrate  solution  in  alight  excess.  Cover  the 
dish  with  a  clock-glass,  and  heat  the  liquid  to  boiling. 
Continue  the  boiling  until  the  hquid  smells  only  faintly  of 
ammonia. 

Wash  the  precipitate  by  decantation,  and  transfer  it  to 
a  filter,  using  the  filter-pump  to  facilitate  filtration  (56). 
Continue  the  washing  of  the  precipitate  upon  the  filter 
until  the  washing- water  is  free  from  sulphate ;  dry  the 
^ter  and  precipitate  in  the  steam-oven;  and  ignite  the 
precipitate  together  with  the  filter  in  a  crucible  (73,  Exp.  16). 
Heat  the  crucible  gently  at  first,  and  finally  expose  it  to  a 
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white  heat  over  the  blowpipe-flame.      Repeat  the  ignition 
until  the  weight  becomes  constant. 

From  the  weight  of  AL^Og  thus  obtained,  the  percentage  of 
aluminium  may  be  calculated. 


Estimation  of  Chromium  in  Solutions  of  its  Compounds. 

94.  The  Ohromiiim  is  precipitated  by  Ammoninm  Hydrate  as 
Hydroxide :  this  is  conyerted  into  Oxide,  CigOs,  by  ignition,  and 
is  weighed  as  snob. 

Jfoto.— If  non-volatile  organic  sabstances  are  preeent,  they  must  be  remoTed 
before  precipitating  the  chromium  (90,  Note), 

Weigh  out  aocurately  abont  1  gram  of  pure  recrystalliaed  chrome- 
alum,  CrE(S04),.12HsO,  into  a  porcelain  or  platinum  dish  Dissolve 
the  substance  in  about  100  c.o.  of  water,  and  add  a  slight  excess  of 
anmionium  hydrate  solution.  Then  heat  the  contents  of  the  dish  to  a 
temperature  just  below  tho  boiling-point,  and  continue  the  beating 
until  the  supernatant  liquid  becomes  perfectly  colourless. 

The  precipitate  is  then  filtered,  washed,  dried,  and  ignited  in  the 
same  manner  as  was  described  in  the  estimation  of  aluminium  (93). 

From  the  weight  of  the  Cr^Os  thus  obtained,  the  percentage  of 
chromium  is  calculated. 


Estimation  of  Chromium  in  a  Soluble  Chromatb. 

95.  The  Obromate  is  reduced  to  a  Chromium  Salt  by  Sulphurous 
Add,  or  by  some  other  suitable  Seducing  Agent :  the  Chromium  is 
then  precipitated  as  Hydroxide,  and  is  estimated  as  is  described 
aboYe  (94). 

Weigh  out  accurately  about  1  gram  of  pure  potassium  dichromate, 
EgCrgO^,  and  dissolve  it  in  about  100  c.c.  of  water.  Add  a  strong 
aqueous  solution  of  sulphur  dioxide,  or  pass  sulphur  dioxide  gas 
through  the  liquid,  until  the  red  colour  of  the  solution  changes  to 
pure  bluish-green. 

Estimate  the  chromium  in  this  solution  in  the  same  manner  as  has 
been  described  above  (94). 

a  Yolumetrio  Prooen  for  estimating  Chromate  will  be  found  in  par.  997. 
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Estimation  op  SO^  in  a  Solublb  Sttlphatb. 

96.  The  80^  is  precipitated  as  BaSO^,  and  is  weighed 
in  this  Form. 

Note  1. — ^The  presence  of  a  large  amonnt  of  nitrio  add  interferes  with 
the  precipitation.  This  acid  miut,  therefore,  be  remoyed  by  CTapora- 
tion  with  HCl  before  the  solphate  is  precipitated  by  BaCIj. 

Note  2. — ^This  estimation  need  not  be  repeated  here,  if  it  has  been 
already  carried  out  (Exp.  17,  page  72). 

Weigh  out  about  1  gram  of  pure  recrystallised  CUSO4.5H2O 
(Exp.  21,  80)  into  an  18-oz.  beaker.  Dissolve  this  in  about 
100  c.c.  of  distilled  water  containing  a  little  dilute  HCl, 
and  heat  the  solution  to  boiling. 

Note. — It  is  well  to  add  about  20  cc.  of  strong  ammonium  chloride 
solution  ;  the  precipitate  of  BaS04  will  then  be  granular,  and  will 
therefore  subside  rapidly  and  be  readily  filtered. 

To  the  boiling  CUSO4  solution  add  excess  of  boiling  BaCL^ 
solution,  and  keep  the  liquid  just  boiling  for  about  fifteen 
minutes.  Then  allow  the  white  precipitate  to  subside. 
Pour  off  the  supernlitant  liquid  through  a  filter,  taking  care 
not  to  disturb  the  precipitate.  Wash  the  precipitate  twice 
by  decantation.  Finally  transfer  it  to  the  filter,  and  con- 
tinue the  washing  until  the  last  few  drops  of  the  washing- 
water  give  no  turbidity  with  AgNOg  solution. 

Dry  the  filter  with  the  precipitate,  and  ignite  the  pre- 
cipitate apart  from  the  filter  (74-78)»  preferably  in  a  platinum 
crucible. 

Before  igniting  the  precipitate  detach  it  aa  completely  cut 
possible  from  the  filter.  Then  ignite  the  precipitate  and  the 
filter-ash  together  for  about  fifteen  minutes  at  a  dull  red  heat, 
allow  the  crucible  to  cool,  and  weigh  it.  These  operations 
must  be  repeated  until  the  weight  is  constant. 

Any  BaSO^  which  is  left  adhering  to  the  filter-paper  will 
be  reduced  to  BaS  during  the  incineration  of  the  filter.  If 
BaS  is  thus  produced  in  any  appreciable  quantity  it  will 


92  SIMPLE  GRAVIMETRIC  ESTIMATIONS.  [97, 

cause  the  weight  of  the  precipitate  to  be  too  low.  The  BaS 
in  the  filter-ash  should  therefore  be  converted  into  BaSO^  by 
the  following  procedure. 

The  filter-ash,  which  has  been  dropped  into  a  separate  part 
of  the  crucible,  is  moistened  with  two  drops  of  dilute  HGl 
and  a  drop  of  dilute  H^SO^  is  added.  The  contents  of  the 
crucible  are  then  very  gently  heated  until  the  liquid  has  been 
evaporated,  great  care  being  taken  to  avoid  loss  by  spirting. 
The  crucible  and  its  contents  are  finally  strongly  ignited,  and 
are  weighed  after  they  have  been  allowed  to  cooL 

From  the  weight  of  the  BaSO^  thus  obtained,  the  per- 
centage of  SO4  may  be  calculated. 


Estimation  of  SO4  is  an  Insoluble  Sulphate. 

^.  If  the  Sulphate  is  InBolnble  in  Water  and  in  Acids  it  must  be 
decomposed  by  fusion  with  alkaline  carbonates.  The  following  example 
will  illustrate  this  process. 

Weigh  out  accurately  about  1  gram  of  pure  finely-powdered  BaS04 
into  a  platinum  crucible  ;  add  to  it  about  6  grams  of  finely-powdered 
fusion  mixture  (NagC03+  K2GO3).  Mix  the  substances  in  the  crucible 
by  stirring  them  with  a  thin  glass  rod  rounded  at  its  end.  Then  heat 
the  covered  crucible  oyer  a  small  Bunsen-flame,  the  size  of  which  is 
gradually  increased  until  the  alkaline  carbonates  begin  to  fuse.  Now 
change  the  position  of  tlie  crucible  lid  until  a  slight  opening  is  formed, 
through  which  the  progress  of  the  fasion  can  be  watchedi  and  so  acyust 
the  flame  that  the  alkaline  carbonates  remain  in  a  fused  condition  for 
at  least  ten  minutes.  Complete  the  process  by  heating  the  crucible 
oyer  the  blowpipe-flame. 

Now  cool  the  crucible  rapidly  by  placing  it  upon  a  mass  of  iron.  Then 
lay  it  upon  its  side  in  a  porcelain  dish  or  beaker,  and  allow  it  to  stand 
in  cold  distilled  water  until  the  solid  mass  can  be  readily  detached  from 
its  interior  by  a  glass  rod.  This  process  may  be  hastened  by  heating 
the  water. 

Bemoye  the  crucible  from  the  water  by  a  clean  pair  of  tongs,  and 
carefully  rinse  it  out  into  the  solution  with  the  wash-bottle.  Crush  any 
solid  pajrticles  which  remain,  filter  the  liquid,  and  wash  the  undissolyed 
BaCO,  upon  the  filter  with  boiling  water,  until  the  washing-water  giyes 
no  alkaline  reaction.  Mix  the  filtrate  with  the  washings,  and  acidify 
the  liquid  with  dilute  HCl,  guarding  against  loss  by  efferyescence  (44). 

Then  precipitate  the  sulphate  as  BaS04  from  the  acidified  solution, 
as  ia  directed  in  paragraph  961 
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EsnuATiON  OF  Barittm  in  its  Soluble  akd  Inbolvbls 

Compounds. 

98.  The  Barium  is  precipitated  from  solution  as  Barium  Sulphate, 
and  is  weighed  as  snch  (See  96,  NoU  1). 

Weigh  out  aoooistely  about  1  gram  of  pure  recrystallised  barium 
chloride  (Ba01a.2H80)  into  an  18-02.  beaker,  and  dissolve  it  in  100  cc. 
of  water,  to  which  some  dilute  hydrochloric  acid  has  been  added. 

Heat  the  solution  to  boiling,  and  add  a  slight  excess  of  boiling  dilute 
sulphuric  acid.  Wash  the  precipitate  by  decantation  ;  filter,  wash 
and  dry  the  precipitate,  and  ignite  it  as  was  described  under  the 
estimation  of  sulphate  (96). 

From  the  weight  of  the  BaS04  thus  obtained,  calculate  the  per- 
centage of  baritmu 

99u  Barium  Ck)mpound8,  which  axe  Insoluble  in  Add,  are  first 
subjected  to  fusion  with  alkaline  carbonates  (97).  The  barium  car- 
bonate residue,  which  is  left  upon  the  filter,  after  the  fused  mass  has 
been  treated  with  water,  is  well  washed  and  transferred  to  a  beaker. 
This  may  be  effected  by  pushing  a  hole  through  the  filter  with  a  glass 
rod,  and  then  rinsing  both  rod  and  filter  with  the  stream  from  the 
wash-bottle. 

Hot  dilute  HGl  is  then  poured  through  the  filter  into  the  beaker,  in 
order  to  dissolye  the  BaCOs  still  adhering  to  the  filter  as  well  as  that  in 
the  beaker.  The  filter  is  then  washed  well,  the  washings  being  allowed 
to  flow  into  the  beaker.  The  solution  is  finally  precipitated,  and  the 
weight  of  the  BaSOf  is  determined,  as  is  directed  aboye  (98). 

The  weight  of  Ba  is  then  calculated  from  the  weight  of  BaS04. 


estufation  of  strontium  in  its  soluble  and  insoluble 

Compounds. 

loa  The  Strontium  is  precipitated  from  solution  as  Strontium 
Sulphate,  and  is  estimated  as  such. 

Weigh  out  accurately  about  1  gram  of  pure  precipitated  strontium 
carbonate,  SrOOs  (82,  Exp.  24),  into  a  covered  18-oz.  beaker.  Dissolve 
the  carbonate  in  a  little  dilute  HCl,  and  add  about  50  cc.  of  distilled 
water.  Add  dilute  sulphuric  acid  in  excess  to  this  solution,  then  add 
a  quantity  of  methylated  spirit  about  equal  in  volume  to  the  liquid 
in  the  beaker.  This  addition  of  alcohol  is  necessary  to  render  the 
precipitation  complete.  Allow  the  liquid  to  stand  untU  the  precipitate 
has  subsided ;  then  filter,  and  wash  the  precipitate  with  methylated 
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spirit  until  the  washings  give  no  precipitate  with  BaOlg  eolation.     Dry 
the  precipitate  in  the  steam-oyen,  and  ignite  the  precipitate  as  was 
described  under  the  ignition  of  BaSOf  (96). 
From  the  weight  of  SrS04  thus  obtained,  the  percentage  of  strontium 

may  be  calculated. 

» 

zoz.  Btrontiimi  CompoundB,  which  ore  InBoluble  in  Add,  are 
fused  with  alkaline  carbonates  (97).  The  residue,  which  is  insoluble 
in  water,  is  dissolved  in  HCl  (99),  and  the  Sr  is  precipitated  as  is 
directed  above  (zoo). 


Estimation  of  Sulphur  in  Sulphides 

102.  The  Sulphide  is  converted  by  a  suitable  Oxidising 
Agent  into  Sulphate,  and  the  Sulphate  is  precipitated 
and  estimated  as  Barium  Sulphate,  BaSO^  From  the 
weight  of  BaSO^  obtained,  the  weight  of  sulphur,  which  was 
originally  present  as  sulphide,  is  calculated. 

The  choice  of  the  oxidising  agent  to  be  employed  will 
depend  upon  the  nature  of  the  sulphide  which  is  to  be 
oxidised.     Three  methods  are  described  below. 

The  First  Method  (103)  is  specially  appUcable  to  sulphides 
in  solution. 

The  other  two  Methods  are  used  for  solid  insoluble 
sulphides. 

103.  Oxidation  by  Bromine. — The  solution  of  sulphide 
may  be  oxidised  by  adding  bromine- water  free  from  sulphuric 
acid  (see  Note  below),  and  then  gently  warming  the  liquid. 

The  solution  is  at  first  coloured  by  the  bromine,  but  the 
colour  disappears  as  the  oxidation  proceeds.  In  order  that 
the  oxidation  may  be  known  to  be  complete  the  bromine- 
water  must  be  added  until  the  warm  liquid  retains  its  colour 
for  about  ten  minutes.  The  liquid  is  then  boiled  imtil  the 
bromine  has  been  expelled,  and  the  sulphate  produced  by 
the  oxidation  is  precipitated  by  BaCl^  solution,  as  is  directed 
in  par.  96. 

Note. — Bromine  is  freed  from  snlphnric  acid  by  careful  redistillation, 
and  is  shaken  with  water  until  the  water  is  saturated.     This  bromine- 
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water  most  be  proyed  to  be  free  from  snlphuric  acid  by  giving  no  pre- 
cipitate on  the  addition  of  BaCl«  solution. 

104.  Oxidation  by  Sodium  Peroxide. — Weigh  accurately 
about  1  gram  of  very  finely-powdered  sdnc-blende  into  a  plati- 
num crucible  (see  Note),  Mix  it  intimately  in  the  crucible 
with  about  6  grams  of  the  sodium  peroxide  in  yeiy  fine 
powder,  and  heat  the  covered  crucible  by  supporting  it 
about  2  inches  above  a  small  Bunsen-flame. 

The  mass  will  glow  throughout,  and  will  then  settle  down 
in  the  fused  condition.  Allow  the  mass  to  remain  fused  for 
three  minutes ;  and  extract  it^  when  it  is  cool,  with  water 
(97),  taking  precaution  against  loss  of  liquid  which  might 
arise  from  the  effervescence  caused  by  the  evolution  of  oxygen 
(44).  Neutralise  the  greater  part  of  the  NaOH,  if  the  liquid 
is  strongly  alkaline,  with  HCl ;  filter  the  liquid  if  necessary, 
acidify  the  clear  solution  with  hydrochloric  acid,  and  precipi- 
tate the  sulphate  by  barium  chloride  solution  (96). 

Note. — Sodium  peroxide  attacks  platinum  somewhat  seriously,  and 
it  is  therefore  well  to  use  a  silver  or  nickel  crucible.  Some  samplee  of 
the  peroxide  contain  metallic  sodium  ;  this  alloys  with  platinum  and 
spoils  the  crucible.  It  is  well  to  heat  a  small  quantity  of  the  peroxide 
in  the  flame  on  platinum  foil  before  it  is  heated  in  the  crucible.  If  the 
sample  of  peroxide  affects  the  foil,  it  is  not  suitable  for  use  in  a 
platinum  crucible. 

It  should  be  remembered  that  the  peroxide  must  not  be  brought 
into  contact  with  combustible  substances  or  with  water,  since  it  produces 
a  yiolent  reaction  with  these  substances. 

lOS  Oxidation  by  Nitric  Acid. — Weigh  out  accurately 
about  1  gram  of  very  finely-powdered  zinc-blende  free  from 
lead,  into  a  10-oz.  flask.  Introduce  into  the  neck  of  the 
flask  a  small  funnel  to  prevent  loss  by  spirting  during  solu- 
tion (fig.  29,  p.  41),  and  pour  upon  the  powder  some  strong 
nitric  acid.  When  the  powerful  action  of  the  acid  has  some- 
what abated,  heat  the  flask  in  the  water-bath  until  the 
sulphur,  which  may  separate  at  first,  has  dissolved. 

The  solution  of  the  sulphur  is  more  rapidly  effected  by 
allowing  the  acid  to  cool,  then  adding  about  one  cubic  centi- 
metre of  bromine  free  from  sulphuric  acid  and  warming. 
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Then  carefully  transfer  the  liquid  to  a  porcelain  dish,  add  a 
little  sodium  chloride  to  convert  the  free  sulphuric  acid  into 
non-Yolatile  sodium  sulphate,  and  evaporate  the  b'quid  to  a 
small  volume  over  the  water-bath. 

Remove  the  nitric  acid  by  repeatedly  evaporating  the 
solution  to  dryness  with  strong  hydrochloric  acid.  As  soon 
as  the  nitric  acid  has  been  expelled,  dilute  the  liquid  with 
much  water,  precipitate  the  sulphur,  present  as  sulphate,  with 
BaCl,  solution,  and  weigh  the  BaSO^  thus  formed  (96). 

Since  the  composition  of  zinc-blende  is  variable,  and  the  mineral 
seldom  consists  of  pure  ZnS,  the  theoretical  percentage  of  sulphur 
required  by  the  formula  ZnS  is  rarely  found.  The  accuracy  of  the 
analysis  must  therefore  be  checked  by  making  a  duplicate  determination 
of  the  sulphur. 

A  Volumetrio  Method  for  estimating  H^S  will  be  foUDd  in  paragraphs 
284-286 ;  another  method  depending  on  the  evolution  of  H^S  is  de- 
scribed under  Iron  and  Steel  analysis  (451  et  seq,). 


Estimation  of  SO,  in  a  Sulphitb. 

X06.  The  Sulphite  is  converted  into  Sulphate  by  the  addition  of 
Bromine-water,  and  is  eetimated  m  Barium  Sulphate,  BaSO^. 

Weigh  out  accurately  about  1  gram  of  crystallised  sodium  sulphite, 
NagSOs.7HaO,  into  an  18-oz.  beaker.  Dissolve  it  in  about  100  c.c.  of 
water,  containing  a  little  dilute  HCl.  Then  add  bromine-water  free 
from  sulphuric  acid  (XQ3,  Nate),  until  the  liquid  remains  distinctly 
yellow  in  colour.  Now  nearly  cover  the  beaker  with  a  clock-glass  and 
boil  the  liquid  until  the  bromine  is  expelled. 

To  the  colourless  liquid  add  BaCl^  solution  in  excess,  and  determine 
the  weight  of  the  BaSOf  precipitate  in  the  manner  already  described  in 
paragraph  96^ 

From  the  weight  of  BaS04  thus  obtained,  the  percentage  of  SO3 
present  in  the  sulphite  may  be  calculated. 

A  VolioMtrio  ProMM  for  eatiinaUng  SulphnrouB  add  b  giren  In  para  987,  a88. 


Estimation  of  3,0,  in  a  Thiosulphate. 

XoSi  The  Thiosulphate  is  converted  into  Sulphate  by  Bromine- 
water,  and  is  estimated  as  Barium  Sulphate,  BaSO^. 

For  praotice  in  this  process  about  1  gram  of  recr3rstalliBed  sodium 
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thiosnlphate,  "Nt^Op^Hfi,  is  aocarately  weighed  and  is  dissolved  in 
water.  Bromine-water,  free  from  sulphuric  acid  (zoj,  Hole),  is  then 
added  until  the  solution  remains  yellow  in  colour,  and  the  liquid  is 
heated  until  the  sulphur,  which  separates,  is  redissolved.  The  excess 
of  bromine  is  then  remoyed  by  boiling  the  liquid,  and  the  sulphate  is 
estimated  as  is  described  in  paragraph  96^ 

From'  the  weight  of  BaS04  obtained,  the  percentage  of  8,0,  is 
calculated. 


A  YdoMtria  Ftmmi  for  estimating  Thloiolphate  it  given  In  par.  ag/x 


Estimation  of  Calcium  in  its  Solublb  Compounds. 

The  Oaldmn  is  precipitated  from  the  solution  of  the 
caldum  salt  as  Oaldmn  Oxalate,  which  is  converted  dther 
into  Carbonate  or  into  Oxide,  and  is  weighed  as  such. 

109.  Weigh  out  accurately  into  an  18-oz.  beaker  about  1 
gram  of  precipitated  calcium  carbonate  (82,  Exp.  24),  or  of 
Iceland-spar.  Pour  in  some  water,  and  add  dilute  hydrochloric 
add  gradually  in  quantity  sufficient  to  dissolve  €he  carbonate, 
guarding  against  loss  of  liquid  by  efiervescence  (43,  44). 
Dilute  this  solution  with  water  until  its  vdtime  is  about  100  c.c. 

Heat  the  liquid  nearly  to  boiling.  Then  add  a  slight 
excess  of  ammonium  hydrate  solution,  and  finally  add  solu- 
tion of  ammonium  oxalate  in  moderate  excess.  Allow  the 
Hquid  to  stand  until  the  predpitate  has  subdded. 

NbU. — ^The  precipitate  of  GaOJ)^  lunially  settles  yery  slowly,  and 
passes  at  first  through  the  filter.  To  obviate  these  inoonyeniences  the 
method  of  precipitation  may  be  altered  as  follows. 

Hake  the  liqmd  alkaline,  and  heat  it  to  boiling.  Then  take  away 
the  flame  and  add  gradually  about  2  gruns  of  finely-powdered  pure 
Bolid  ammonium  oxalate,  while  stirring  oontinaously,  and  again  heat 
the  liqmd  to  boiling  When  the  flame  is  taken  away,  the  precipitate 
will  subside  in  a  few  minutes. 

As  soon  as  the  precipitate  has  completely  subsided,  pour  o£f 
the  liqidd  through  a  filter,  taking  care  not  to  disturb  the 
precipitate.  Wash  the  precipitate  in  the  beaker  two  or  three 
times  with  hot  water  by  decantation.    Finally  transfer  the 

a 
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precipitate  to  the  filter  by  means  of  a  glass  rod  tipped  with 
rubber  tubing,  and  a  wash-bottle  with  a  fine  jet.  Wash  the 
precipitate  on  the  filter,  until  the  last  few  drops  of  the 
washing-water  no  longer  render  silver  nitrate  solution  turbid. 
Then  dry  the  filter  and  precipitate  in  the  steam-oven. 

110.  The  Precipitate  of  Calcium  Oxalate  is  now  converted 
into  Carbonate.  With  this  object  it  is  transferred,  as  com- 
pletely as  possible,  to  a  platinum  crucible.  The  filter-paper  is 
burnt  in  a  platinum-wire  spiral  (74),  and  the  ash  is  allowed  to 
drop  into  the  crucible.  The  crucible  is  then  covered  with  the 
lid  and  is  heated  very  gently ;  it  is  finally  heated  for  about 
twenty  minutes  to  a  temperature  sufficient  to  cause  the  bot- 
tom of  the  crucible  to  appear  faintly  red  when  it  is  shaded 
from  direct  light.  The  crucible  is  weighed,  after  it  has  been 
allowed  to  cool  in  the  desiccator. 

JVb^ — ^The  burner  represented  in  figs.  49,  50  (p.  65)  will  be  found 
specially  suitable  for  the  above  purpose,  since  by  its  means  a  low  and 
uniform  temperature  is  easily  obtained.  The  platinum  capsule  shown 
in  these  figures  may  also  advantageously  replace  the  crucible. 

After  the  crucible  has  been  weighed,  its  contents  should 
be  moistened  with  strong  ammonium  carbonate  solution.  It 
is  then  dried  in  the  steam-oven,  heated  again  to  faint  red- 
ness for  a  few  minutes,  allowed  to  cool,  and  once  more 
weighed.  These  operations  must  be  repeated  until  the 
weight  no  longer  increases  by  the  treatment.  The  object  of 
the  above  procedure  is  to  insure  the  conversion  into  car- 
bonate of  any  calcium  oxide,  which  may  have  been  formed  by 
heating  the  precipitate  too  strongly. 

From  the  weight  of  GaCOg  thus  found,  the  filter-ash  is  sub- 
tracted, and  the  percentage  of  calcium  may  then  be  calculated. 

XXX.  Conversion  of  the  Calcium  Carbonate  into  Oxide, — If  the  weight 
of  the  calcium  carbonate,  obtained  by  igniting  the  oxalate,  does  not 
exceed  one  gram,  the  result  of  the  above  estimation  may  be  controlled 
by  weighing  the  calcium  also  as  oxide.  Indeed,  if  the  original  precipi- 
tate is  small  in  amount,  the  oxalate  may  be  with  advantage  converted 
directly  into  oxide,  and  be  weighed  as  oxide  instead  of  as  carbonate. 

In  order  to  convert  the  calcium  carbonate  into  oxide,  the  crucible 
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and  its  contents  an  heated  to  bright  redness  over  the  blowpipe-flame 
for  fifteen  minntes ;  they  are  then  allowed  to  oool,  and  are  weighed 
The  omcible  is  onoe  more  heated  for  ftye  minntes  in  the  same  way, 
and  IB  weighed  again  after  it  has  cooled.  These  operations  mnst  be 
repeated  as  long  as  they  canse  the  crucible  and  its  contents  to  lose 
in  weight  The  weight  of  substance  finally  left  in  the  cmoible  is 
that  of  the  caldnm  oxide  and  the  filter-ash. 

From  the  weight  of  CaO  thus  found,  the  percentage  of  calcium  may 
be  calculated. 

A  Volunietric  Method  for  estimating  Calcium  is  given  in  pars. 
371-273. 


Estimation  of  Cfi^  in  a  Soluble  Oxalatx. 

XZ2.  The  Oxalate  is  precipitated  as  Oaldum  Oxalate,  either  in 
neatral  solution  or  in  a  solution  rendered  acid  by  acetic  aoid.  The 
Oaloinm  Oxalate  is  then  ignited,  and  is  weighed  either  as  Oarbonata 
or  as  Oxide. 

Weigh  out  accurately  about  1  gram  of  pure  crystallised  ammonium 
oxalate,  ('SH^)fifi^.'BLfif  and  dissolve  it  in  about  100  c.c  of  water. 
Heat  the  solution  to  boiling,  and  precipitate  the  oxalate  by  adding  a 
solution  of  calcium  acetate  in  slight  excess.  Filter  off,  and  convert  the 
precipitated  calcium  oxalate  into  carbonate  or  oxide  by  ignition,  as  has 
been  described  in  the  estimation  of  calcium  (xxo,  zxx). 

From  the  weight  of  GaCOs  or  of  GaO  thus  obtained,  the  percentage 
of  Cfi^  is  calculated. 

A  YoluMtrio  MitlMd  for  esUmating  Oxalate  to  given  In  par.  wja. 


Estimation  of  Chlobinb  in  a  Soluble  Chloride. 

113.  The  Ohlorine  is  precipitated  as  Silver  Ohlotide, 
AgCl,  and  is  weighed  as  such. 

Weigh  out  accurately  about  0*3  gram  of  pure  sodium 
chloride  (82,  Exp.  25),  and  dissolve  this  in  about  100  c.c. 
of  cold  water  in  an  18-oz.  beaker. 

Add  to  the  cold  solution  a  little  dilute  nitric  acid,  and  then 
excess  of  silver  nitrate  solution.  Shield  the  precipitate  from 
daylight  as  much  as  possible  during  the  whole  of  the  estima- 
tion, since  AgGl  darkens  in  the  light  and  suffers  slight 
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decompoeition  and  loss  of  weight  during  this  change.  Heat 
the  liquid  in  (he  beaker  for  some  time,  taking  care  not  to 
let  it  boil;  this  will  cause  the  small  particles  of  AgCl  to 
unite  together  into  flocks. 

Wash  the  precipitate  in  the  beaker  by  decantation  three 
times  with  hot  water  containing  a  little  nitric  acid ;  then 
transfer  it  to  a  filter,  and  continue  the  washing  with  water 
acidified  with  HNO3,  and  finally  with  hot  water  only.  The 
washing  may  be  considered  to  be  finished,  when  the 
addition  of  a  drop  of  hydrochloric  acid  to  the  last  few 
drops  of  the  washing-water  produces  no  turbidity. 

NoU, — ^The  filtrates  and  washings  contain  sUver,  and  should  be 
proserved  in  the  stiver  residue-bottle. 

Dry  the  precipitate  in  the  steam-oven.  Then  ignite  it 
apart  from  the  filter  in  a  porcelain  crucible,  following  one  of 
the  three  methods  (114,  115,  Il6)  which  are  described 
below. 

From  the  weight  of  silver  chloride  obtained,  the  per- 
centage of  chlorine  is  calculated. 

114.  First  Method, — The  precipitate  is  detached  from  the 
filter-paper  as  completely  as  possible,  and  is  placed  in  a 
porcelain  crucible.  The  filter  is  folded  and  rolled  up,  care- 
fully keeping  the  small  portion  of  adherent  precipitate  in 
the  centre  of  the  roll  (74,  75).  The  paper  is  then  supported 
by  a  coil  of  platinum  wire,  and  is  incinerated  in  the  usual 
manner. 

During  the  incineration  of  the  filter,  metallic  silver  is 
always  formed.  This  will  alloy  with  the  platinum,  if  it 
comes  into  contact  with  the  red-hot  wire,  causing  a  loss  in 
the  weight  of  the  AgCl  found.  This  explains  the  necessity 
of  keeping  the  precipitate  from  contact  with  the  wire  during 
incineration. 

NoU, — The  possibility  of  loss  of  Ag  from  this  source  is  reduced  in  pro- 
portion to  the  care  with  which  the  AgCl  is  removed  from  the  paper.  The 
loss  is  entirely  avoided  by  employing  either  of  the  methods  described 
in  pars.  77,  zxs 
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The  filter-ash  is  added  to  the  precipitate  in  the  crucible, 
and  the  metallic  silver  in  the  ash  is  converted  into  chloride 
by  moistening  the  ash  with  two  drops  of  strong  nitric  acid, 
and  then  adding  two  drops  of  hydrochloric  acid.  The  excess 
of  acid  is  finally  removed  by  evaporating  cautiously  to 
dryness. 

The  crucible  is  then  gently  heated  over  a  small  Bunsen- 
flame,  until  the  silver  chloride  begins  to  fuse  at  its  edges. 
It  is  allowed  to  cool  in  the  desiccator,  and  is  weighed.  The 
ignition  should  be  repeated  until  the  weight  of  the  silver 
chloride  becomes  constant. 

115.  Second  Method, — The  method  described  in  par.  78  is 
well  suited  for  the  ignition  of  this  precipitate,  since  silver 
chloride  can  be  readily  transferred  without  loss  from  the 
filter  to  the  crucible. 

The  dry  precipitate  is  turned  out  upon  a  piece  of  glazed 
paper,  and  is  covered  with  a  funnel.  The  filter  is  then 
folded  and  its  upper  edges,  which  are  free  from  silver 
chloride,  are  held  in  the  flame  by  means  of  the  crucible 
tongs;  the  ash  thus  produced  is  allowed  to  drop  into  the 
crucible.  Or  the  filter  may  be  cut  into  strips,  which  are 
separately  burnt  in  the  crucible.  The  removal  of  any  unbumt 
carbon  from  the  ash  is  completed  by  heating  the  crucible. 
The  ash  is  then  treated  with  nitric  acid  and  with  hydro- 
chloric add,  and  is  dried  by  evaporation.  The  precipitate  is 
finally  transferred  to  the  crucible  and  is  ignited  with  the  ash. 

116.  A  Third  Method  of  igniting  the  precipitate  and  burn- 
ing the  filter  is  described  under  the  estimation  of  bromide, 
which  follows  in  paragraph  118. 

1x7.  Bemoval  of  Agd  fxom  the  Omdble.— After  the  determination 
has  been  finished,  the  silyer  chloride  may  be  detached  from  the  cmoible 
as  follows.  Place  on  the  silyer  chloride  a  few  pieces  of  granulated  zinc, 
and  pour  in  sufficient  dilute  sulphuric  acid  to  coyer  the  zinc  and  the 
chloride  completely.  The  silver  chloride  will  be  gradually  reduced  to 
metallic  silver,  which  is  easily  detached  from  the  crucible  and  poured 
off  with  the  liquid  into  the  silver-residue  bottle. 

Two  Voliimatiie  Methiodi  for  estimatiDg  chloride  are  gl?«n  in  pars,  jfn-jp^ 
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ESTIICATION  OF  BrOMINB  IN  A  SOLUBLB  BrOICIDE. 

zz8.  The  Bromine  is  precipitated  as  Silver  Bromide,  AgBr,  and  iB 
weighed  as  such. 

Weigh  ont  aocarately  abont  0*5  gram  of  pure  aodium  bromide,  NaBr, 
and  proceed  to  estimate  the  bromine  which  it  contains  by  a  method 
similar  to  that  described  for  estimating  chlorine  in  a  chloride  (1x3). 

According  to  this  method,  solution  of  hydrobromio  acid  is  required 
for  the  conversion  of  sUver  in  the  filter-ash  into  silyer  bromide. 
Hydrobromic  acid  solution  is  rarely  kept  in  the  laboratory,  and  the 
necessity  for  using  it  may  be  avoided  by  adopting  the  following  special 
process  of  weighing  the  filter-ash. 

Transfer  the  precipitate  from  the  filter  to  a  porcelain  crucible  as 
completely  as  possible,  and  ignite  it  in  the  same  manner  as  has  been 
already  described  for  the  silver  chloride  precipitate  (1x4).  Allow  the 
crucible  to  cool,  and  weigh  it 

Incinerate  the  filter  in  a  coil  of  platinum  wire  (74),  allow  the  ash 
to  fiill  into  the  weighed  porcelain  crucible  containing  the  precipitate, 
and  then  weigh  the  crucible  again.  The  increase  of  weight  of  the 
crucible  after  the  ash  has  been  added,  less  the  weight  of  the  filter-ash, 
will  give  the  weight  of  metallic  silver  which  has  been  formed  from  the 
AgBr  which  remained  adhering  to  the  filter-paper. 

Almost  the  whole  of  the  precipitate  is  thus  weighed  as  AgBr.  The 
weight  of  the  AgBr  which  remained  in  the  filter-paper  is  calculated 
from  the  weight  of  silver  found  in  the  filter-ash.  This  weight  is  added 
to  the  weight  of  AgBr  already  obtained,  and  thus  the  total  weight  of 
the  original  silver  bromide  ia  found. 

From  this  weight  the  percentage  of  bromine  is  calculated. 


Estimation  of  Iodinb  in  a  Soluble  Iodids. 

XX9.  The  Iodine  is  precipitated  as  Silver  Iodide,  Agl,  and  ia 
weighed  as  such. 

Weigh  out  accurately  f^om  0*6  to  0*8  gram  of  pare  potassium 
iodide,  KI.  Proceed  to  estimate  the  iodine  which  it  contains,  in  a 
similar  way  to  that  already  described  for  the  determination  of  chlorine 
in  a  chloride  (xx3). 

The  silver  iodide,  which  remains  adhering  to  the  filter,  is  not 
reduced  to  metallic  silver  during  the  incineration  of  the  filter,  as  is 
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the  case  with  the  chloride  and  the  bromide :  the  special  treatment  of 
the  filter-ash  is  therefore  unnecessary. 

Silver  iodide,  however,  undergoes  appreciable  loss  by  volatilisation 
when  it  is  heated  to  a  high  temperature.  Care  must  therefore  be 
taken  to  detach  the  precipitate  as  completely  as  possible  from  the 
filter,  so  as  not  to  expose  any  appreciable  quantity  of  silver  iodide  to 
the  high  temperature  produced  by  the  incineration  of  the  filter.  The 
silver  iodide  in  the  crucible  must  also,  for  the  same  reason,  be  heated 
only  to  a  dull  red  heat. 

From  the  weight  of  Agl  obtained,  the  percentage  of  iodine  is  calcu- 
lated. 

A  YdoBMtik  PxoMSi  which  lervee  for  estimating  iodide  ii  given  in  par.  ya^. 


KSTIMATION  OF  ClOs  IN  A  SOLUBLE  ChLORATI. 

zao.  The  Chlorate  is  converted  by  a  suitable  Seducing  Agent  into 
Chloride,  and  ia  estiinated  as  fttlyer  Chloride  (1x3). 

Weigh  out  accurately  about  0'6  gram  of  pure  recrystallised  potas- 
sium chlorate,  KC10„  into  an  18-oz.  beaker.  Dissolve  the  salt  in 
about  100  cc.  of  water,  and  add  a  slight  excess  of  solution  of  lead 
nitrite,  which  has  been  prepared  as  is  described  below  (Z2Z). 

The  presence  of  the  nitrite  in  excess  can  be  ascertained  by  mixing  a 
drop  of  the  liquid  with  solution  of  metaphenylene-diamine  and  adding 
a  drop  of  sulphuric  acid,  when  a  reddish-brown  coloration  should  be 
produced  on  standing. 

Acidify  the  liquid  with  nitric  acid,  and  heat  it  gently. 

Precipitate  the  chloride,  which  has  been  produced  by  the  deoxida- 
tion  of  the  chlorate,  with  silver  nitrate,  and  collect  and  weigh  the  AgCl 
as  has  been  described  in  paragraph  1x3. 

From  the  weight  of  AgCl  thus  obtained,  the  percentage  of  CIO,  is 
calculated. 

121.  Prepa/raUon  of  Lead  NttrUe  SolrOum.  —Boil  together  in  a  beaker 
a  mixture  of  one  part  of  lead  nitrate,  one  and  a  half  parts  of  metallic 
lead,  and  fifty  parts  of  water :  the  liquid  first  turns  yellow,  and  finally 
becomes  colouriess.  Cool  this  solution  rapidly  by  immersing  the  beaker 
in  a  vessel  of  cold  water :  basic  lead  nitrite  will  separate  as  a  white 
powder.  Shake  this  powder  up  in  water,  and  pass  carbon  dioxide 
through  the  solution  until  the  basic  lead  salt  is  completely  decomposed. 
Filter  off  the  lead  carbonate,  and  preserve  the  lead  nitrite  solution  in  a 
well-stoppered  bottle. 

A  Yolvinetrifl  Keiliod  for  estimating  chlorate  i»  given  in  par.  998. 
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ESTIKATION  OF  CYANOGEN  IN  A  SOLUBLE  CyANIDB. 

122,  The  Cyanogen  is  precipitated  as  Silyer  Cyanide,  AgON,  and 
is  weighed  as  sach ;  or  the  AgCN  is  ignited,  and  the  Ag  is  weighed. 

Weigh  out  accurately  about  0'5  gram  of  potaaainm  cyanide,  KOK, 
and  dissolve  it  in  abont  100  cc.  of  water  in  an  18-oz:  beaker.  Add 
excess  of  silyer  nitrate  solution,  and  then  acidify  the  liquid  with  dilute 
nitric  acid.  Allow  the  precipitate  to  settle  in  the  cold,  and  treat  it  in 
one  of  the  following  ways  (a,  b). 

(a).  Wash  the  precipitate  on  a  tared  filter  (6z),  and  dry  it  at  100°  in 
the  air-oven  until  the  weight  is  constant.  From  the  weight  of  AgGN 
thus  obtained,  the  percentage  of  cyanogen  may  be  calculated. 

(b).  Wash  the  precipitate  on  an  untared  filter ;  dry  it  in  the  steam- 
oven  ;  ignite  the  filter  in  a  porcelain  crucible,  and  then  add  the  pre- 
cipitate (78).  Heat  the  crucible  again  over  the  Bunsen-flame  and 
weigh  it,  and  repeat  the  ignition  untU  the  weight  becomes  constant. 
From  the  weight  of  metallic  silver  which  remains  after  the  complete 
expulsion  of  the  cyanogen,  the  percentage  of  cyanogen  present  in  the 
original  cyanide  can  be  calculated. 

^oto.— Commercial  potaaaiom  cyanide  is  not  pore,  and  variea  in  compoaltion ; 
henoe  It  will  not  yield  the  theoieUcal  percentage  weight  of  cyanogen  ooneapond- 
ing  to  the  formula  KCN .  In  order  to  check  the  aocoracy  of  the  result  obtained, 
it  la  neceaaary  either  to  use  chemically  pure  potaaalum  pyanlde  or  to  make  a 
duplicate  determination  of  cyanogen  In  the  commercial  salt. 

A  YolnBietrie  Method  for  eatimating  cyanide  ia  giren  In  par.  30$. 


Estimation  of  Silver  in  its  Soluble  Compounds. 

123.  The  Silver  is  precipitated  as  Obloride,  and  is 
weighed  as  such. 

Weigh  out  accurately  about  0*5  gram  of  pure  recrystallised 
silver  nitrate,  AgNOg,  and  dissolve  it  in  about  100  cc.  of 
cold  distilled  water;  then  add  a  small  quantity  of  dilute 
nitric  acid. 

To  this  solution  add  dilute  hydrochloric  acid,  with  con- 
stant stirring,  and  in  slight  excess.  The  addition  of  another 
drop  of  HCl  must  not  cause  any  further  precipitate  in  the 
clear  liquid  from  wliich  the  precipitate  has  subsided. 
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Boil  the  liquid  containiug  the  precipitate  for  a  short  time ; 
then  decant  the  liquid,  and  wash  the  precipitate  three  times 
by  decantation  (53)  with  boiling  water  containing  a  little 
HNO3.  Transfer  the  precipitate  to  the  filter,  and  complete 
the  washing  with  water  acidified  with  HNO3,  and  finally 
Mrith  hot  water  only. 

As  soon  as  the  washing-water  is  shown  to  be  free  ficom 
chloride,  by  remaining  clear  when  it  is  tested  with  AgNOg 
solution,  dry  the  filter  containing  the  precipitate  in  the  steam- 
oven.  Then  ignite  the  precipitate  in  a  porcelain  crucible, 
apart  from  the  filter,  in  the  manner  described  under  the 
estimation  of  chloride  (114-116). 

From  the  weight  of  silver  chloride  thus  obtained,  the 
percentage  of  silver  can  be  calculated. 

A  Volnmetrio  Ketbod  for  estimating  Bilyer  is  given  in  par.  504. 


Estimation  of  Lbad  in  its  Solublb  Compounds. 

124.  The  Lead  may  either  be  precipitated  as  Carbonate, 
which  is  converted  by  ignition  into  Oxide,  and  is  weighed 
as  such  (125) ;  or  the  Lead  may  be  precipitated  as  Sul- 
phate, and  be  weighed  as  such  (126). 

I2S  Estimation  of  Lead  by  precipitation  as  Oarbonate, 
and  conversion  into  Oxide,  PbO. — Weigh  out  accurately 
about  1  gram  of  crystallised  lead  acetate,  Pb(C2H302)2.3H20, 
and  dissolve  it  in  about  100  c.c.  of  distilled  water,  containing 
a  little  acetic  acid.  Add  ammonium  carbonate  solution,  con- 
taining a  small  quantity  of  AmHO,  in  dight  excess,  and 
warm.  Addition  of  the  ammoniacal  salt  in  large  excess 
must  be  avoided,  since  this  would  redissolve  some  of  the 
precipitate  which  is  formed. 

Wash  the  precipitate  until  it  is  free  from  alkali,  and  dry 
it  in  the  steam-oven.  Detach  the  dry  precipitate  from  the 
filter-paper  as  perfectly  as  possible,  and  ignite  it  in  a  porcelain 
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crucible.  Since  lead  very  leadily  alloys  with  platinum,  the 
methods  described  in  paragraphs  77,  78  will  be  found  most 
suitable  for  the  incineration  of  the  filter. 

After  the  filter  has  been  burnt,  moisten  the  ash  with 
nitric  acid,  and  remove  the  excess  of  acid  by  cautious  evapora- 
tion. Now  heat  the  precipitate  together  with  the  filter-ash 
to  redness,  in  order  to  expel  the  carbon-dioxide  completely 
from  the  precipitate,  taking  care  not  to  fuse  the  residue  of 
lead  oxide. 

As  soon  as  the  weight  becomes  constant,  after  repeated 
ignition,  the  percentage  of  lead  can  be  calculated  from  the 
weight  of  lead  oxide  found. 

ia6.  Estimation  of  Lead  by  precipitation  as  Lead  Sul- 
phate, and  weighing  the  Sulphate. — Weigh  out  the  lead 
acetate  and  dissolve  it  in  water  as  is  described  above  (125). 
Then  add  dilute  sulphuric  acid  in  slight  excess,  and  mix  with 
the  liquid  twice  its  volume  of  methylated  spirit.  This  addi- 
tion of  alcohol  is  necessary  in  order  to  render  the  precipita- 
tion complete.  Allow  the  precipitate  to  settle,  and  filter  off 
and  wash  it  on  the  filter  with  methylated  spirit  until  the 
sulphuric  acid  is  removed. 

Dry  the  precipitate  in  the  steam-oven,  and  ignite  it  apart 
from  the  filter  (77,  78).  Then  reconvert  any  lead  sulphate, 
which  has  been  reduced  during  the  incineration  of  the  filter, 
into  sulphate,  by  treating  the  filter-ash  with  a  few  drops  of 
nitric  add  and  one  drop  of  dilute  sulphuric  acid.  Evaporate 
the  excess  of  the  acids,  and  finally  ignite  the  dried  residue. 
Then  heat  the  crucible  repeatedly  to  dull  redness  until  the 
weight  of  the  sulphate  becomes  constant. 

From  the  weight  of  PbSO^  thus  obtained,  the  percentage 
of  lead  is  calculated. 

A  Volumetric  Method  for  estimating  lead  is  given  in  par.  274. 


127,128.]  LEAD,  BISMUTH,  ZINC.  107 


Estimation  of  Bismuth  in  its  Solublb  Compounds. 

127.  The  Bismuth  is  precipitated  as  Oarbonate,  and  is 
sabsequently  converted  into  Oxide  by  ignition,  and  is 
as  snch. 


NoU  1. — It  shoTild  be  noted  that  neither  chloride  nor  sulphate  of 
bismuth  must  be  present  in  a  solution,  in  which  bismuth  is  to  be  estimated 
by  this  method ;  since  these  salts  are  first  conyerted  by  ammonium 
carbonate  into  basic  chloride  or  sulphate,  which  is  not  decomposed  by 
the  further  addition  of  ammonium  carbonate.  A  solution  containing 
chloride,  sulphate,  or  other  salt  of  bismuth  may  be  precipitated  as 
sulphide  ;  the  sulphide  is  then  dlBSolved  by  heating  it  with  somewhat 
dilute  nitric  acid ;  this  solution  is  filtered,  if  necessary,  and  Ib  then 
precipitated  by  ammonium  carbonate  as  is  directed  below. 

NoU  2. — In  order  to  obtain  a  known  weight  of  bismuth  nitrate  in 
solution  for  carrying  out  the  process  described  below,  pure  bismuth 
oxide,  Bi,0„  is  ignited  to  redness  until  its  weight  is  constant :  about 
half  a  gram  of  the  oxide  is  exactly  weighed,  and  Ib  dissolved  in  a  little 
dilute  nitric  acid. 

Add  water  to  the  solution  of  bismuth  nitrate,  acidified 
with  nitric  acid  {Note  2),  until  the  yolume  of  the  liquid  is 
about  100  C.C.  Then  add  solution  of  ammonium  carbonate 
in  very  dight  excess,  and  heat  for  a  short  time.  It  is 
necessary  to  guard  against  the  presence  of  a  large  excess  of 
ammonium  carbonate  in  the  liquid,  since  the  bismuth  car- 
bonate precipitate  is  distinctly  soluble  in  this  reagent. 
Filter,  wash  and  dry  the  precipitate,  and  ignite  it  apart 
from  the  filter,  as  is  described  under  the  estimation  of  lead 
as  oxide  (125). 

From  the  weight  of  BigOg  thus  obtained,  the  weight  of 
bismuth  may  be  calculated. 


Estimation  of  Zinc  in  its  Soluble  Compounds. 

128.  The  Zinc  is  precipitated  as  Carbonate,  and  is 
subsequently  converted  into  Oxide  by  ignition,  and  is 
weighed  as  such. 

Weigh  out  accurately  about  1  gram  of  pure  recrystallised 
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zinc  sulphate,  ZnSO^.TH^O  (8o,  Exp.  21).  Dissolve  this  in 
an  18-oz.  beaker  in  about  150  c.c.  of  water.  Heat  the  solu- 
tion nearly  to  boiling,  and  add  sodium  carbonate  solution  in 
excess.  Boil  for  a  short  time ;  then  allow  the  precipitate  to 
settle,  and  wash  it  three  times  by  decantation  with  boiling 
water ;  finally  filter  off  the  precipitate,  and  finish  the  wash- 
ing on  the  filter.  The  washing  should  be  continued  until 
the  washing-water  shows  no  alkalinity  to  test-paper,  and 
gives  no  precipitate  with  BaClj  solution. 

Dry  the  precipitate  in  the  steam-oven,  and  ignite  it  apart 
from  the  filter  (74)1  using  a  porcelain  crucible. 

In  order  to  prevent  the  zinc  oxide  from  being  reduced 
during  the  incineration  of  the  filter,  which  would  result  in 
the  loss  of  zinc  by  volatilisation,  the  following  precautions 
are  necessary.  The  filter-paper  must  be  freed  from  the 
precipitate  as  far  as  possible,  and  must  then  be  wetted  with 
strong  ammonium  nitrate  solution  and  dried.  It  must  then 
be  carefully  incinerated  at  the  tip  of  the  flame  in  a  coil  of 
platinum  wire,  and  the  ash  added  to  the  precipitate  in  the 
crucible. 

The  crucible  and  its  contents  are  heated  to  redness  over 
the  Bunsen-flame  until  the  weight  becomes  constant,  care 
being  taken  to  guard  against  the  flame  playing  into  the 
interior  of  the  crucible  during  the  ignition.  If  the  flame 
enters  the  crucible,  reduction  of  the  zinc  oxide  may  occur, 
and  this  will  be  attended  with  loss  of  zinc  by  volatilisation. 

From  the  weight  of  ZnO  thus  obtained,  the  percentage  of 
zinc  may  be  calculated. 

A  Volumetrio  Method  for  estimating  zino  is  given  in  par.  307. 


Estimation  of  Manganese  in  its  Soluble  Compounds. 

129.  The  Manganese  is  precipitated  as  Oarbonate,  and  is 
converted  by  ignition  into  Vnfi^  and  is  weighed  as  such. 

Note. — A  known  weight  of  manganese  in  solution  is  most  easily 
obtained  by  reducing  a  weighed  quantity  of  pure  potassium  per- 
manganate in  solution  by  sulphurous  acid. 
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Weigh  out  accurately  about  1  gram  of  pure  recrjstallised 
potassium  permanganate,  KjMn^Ogy  into  a  large  porcelain 
dish.  Pour  sulphurous  acid  solution  upon  the  crystals,  or 
pass  sulphur  dioxide  gas  into  their  aqueous  solution,  until 
the  colour  of  the  permanganate  disappears.  Continue  the 
addition  of  sulphurous  acid,  untU  any  oxide  of  manganese, 
which  forms,  is  redissolved.  Then  add  sodium  carbonate 
solution  in  excess. 

Wash  the  precipitate  first  by  decantation  and  then  on  the 
filter,  until  it  gives  no  alkaline  reaction  to  test-paper.  Then 
dry  the  filter  and  precipitate  in  the  steam-oven. 

Mix  together  the  filtrate  and  washing-water,  which  always 
contain  a  little  manganese,  and  evaporate  the  liquid  to 
dryness  in  a  platinum  or  porcelain  dish.  Then  treat  the 
residue  in  the  dish  with  hot  water,  filter,  wash  the  insoluble 
hydrated  oxide  of  manganese  with  hot  water  on  a  separate 
filter,  and  dry  it  in  the  steam-oven. 

Ignite  both  of  the  precipitates  apart  from  the  filters  (74)  in 
the  same  crucible,  and  proceed  to  free  the  manganese  oxide 
from  the  alkali  which  it  still  retains  in  the  following  manner. 

Turn  out  the  precipitate  and  ash  into  a  small  porcelain 
or  agate  mortar,  add  hot  water,  and  rub  the  precipitate  with 
the  pestle  to  insure  thorough  mixture  of  the  solid  with  the 
water.  Filter  through  a  fresh  filter,  and  wash  the  manganese 
oxide  on  the  filter  with  hot  water  until  no  sodium  coloration 
is  given  to  the  Bunsen-flame,  when  the  last  drop  of  the  wash- 
water  is  evaporated  and  ignited  in  a  loop  of  clean  platinum 
wire.  Then  dry  the  precipitate  and  ignite  it  apart  from  the 
filter  (74)  at  a  bright  red  heat,  taking  care  that  the  flame 
does  not  enter  the  crucible.  Repeat  the  ignition  until  the 
weight  is  constant. 

From  the  weight  of  the  MugO^  thus  obtained,  the  per- 
centage of  manganese  is  calculated. 

Volumetric  Hethoda  for  estimating  Manganese  dioxide  are  given  in 
pars.  394-296,  and  a  method  for  estimating  permanganate  will  be  found 
in  para.  a64-266i 
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Estimation  of  Magnbsiuk  in  its  Solublb  Salts. 

13a  The  Magnesimn  is  precipitated  as  Magnesiiim 
Ammonium  Phosphate  (MgNH^PO^.GH^O) ;  this  is  con- 
verted hy  ignition  into  Magnesimn  Pyrophosphate, 
VgjPfip  and  is  weighed  as  snch. 

Weigh  out  accurately  about  1  gram  of  pure  recrystallised 
magnesium  sulphate,  MgSO^.THjO  (80),  into  an  18-oz. 
becJcer.  Dissolve  this  in  about  50  c.c.  of  cold  water,  add 
AmCl  solution,  and  then  AmHO  solution  in  excess. 

The  presence  of  AmHO  in  excess  is  necessary,  since  the 
phosphate  precipitate  is  slightly  soluble  in  pure  water,'  but  is 
practically  insoluble  in  water  containing  ammonia.  If  a 
precipitate  forms  when  the  AmHO  solution  is  added,  this 
precipitate  must  be  redissolved  by  adding  more  AmGl 
solution. 

To  the  clear  alkaline  liquid  add  an  excess  of  sodium 
phosphate  solution,  and  stir  the  liquid  vigorously.  Take 
care  that  the  rod  does  not  touch  the  inside  of  the  beaker,  as 
this  would  lead  to  deposition  of  the  precipitate  on  the 
glass. 

Allow  the  liquid  to  stand  at  rest  for  twelve  hours,  and 
then  filter  it.  This  delay  is  recommended  in  order  to  insure 
the  complete  precipitation  of  the  double  phosphate.  But  if 
the  solutions  are  mixed  in  a  stoppered  vessel  instead  of  in  a 
beaker,  and  the  mixture  is  at  once  vigorously  shaken  for  five 
minutes,  the  precipitation  is  rendered  complete  without  this 
lengthened  standing,  and  the  precipitate  may  be  filtered  off 
in  about  half  an  hour. 

The  precipitate  is  washed  on  the  filter  with  AmHO 
solution.  This  is  made  by  diluting  one  measure  of  AmHO 
solution,  of  0*880  specific  gravity,  with  three  measures  of 
water.  The  washing  must  be  continued  until  a  few  drops 
of  the  washings,  after  being  acidified  with  nitric  acid,  give 
no  opalescence  with  silver  nitrate  solution. 

The  precipitate  is  now  dried  in  the  steam-oven,  and  is 
either  ignited  apart  from  the  filter  (74),   as  is  directed 
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tinder  (a),   or   the  filter  and  the  precipitate  are  ignited 
together  (b). 

(a).  The  precipitate  is  detached  as  completely  as  possible 
from  the  filter  and  is  transferred  to  a  platinum  cracible.  The 
filter  is  incinerated  in  a  coil  of  platinum  wire,  by  heating 
it  at  first  very  gently,  and  finally  exposing  it  to  a  red  heat. 
The  filter-ash  is  then  dropped  into  the  crucible. 

The  ash  should  contain  no  particles  of  carbon.  These  generally 
remain,  becanse  the  precipitate  has  been  heated  too  strongly  at  first. 
The  precipitate  is  thus  partially  fused,  and  incloses  charred  particles 
of  the  filter,  which  are  then  burnt  only  with  extreme  difficulty. 

The  crucible  is  now  covered  with  the  lid,  and  is  heated 
for  about  ten  minutes  gently  by  a  small  flame ;  it  is  then 
heated  to  redness,  and  finally  to  bright  redness  over  the 
blowpipe-flame.  It  is  finally  allowed  to  cool  in  the  desiccator, 
and  is  weighed.  The  ignited  precipitate  should  be  perfectly 
white,  and  the  ignition  should  be  repeated  until  it  ceases  to 
lose  in  weight, 

(b).  The  precipitate  may  be  wrapped  up  in  the  dry  filter, 
and  ignited  at  a  red  heat  in  a  platinum  capsule  (70}.  The 
use  of  the  blowpipe  is  unnecessary.  The  process  will  usually 
require  about  twenty  minutes. 

From  the  weight  of  Mg2P207  thus  obtained,  the  weight  of 
Mg  may  be  calculated. 


Estimation  of  PO4  in  a  Soluble  Phosphatb. 

131.  The  PO^  is  precipitated  as  Magnesium  Ammoni- 
um Phosphate,  MgHH^PO^.eH^O ;  this  is  converted  by 
ignition  into  Magnesium  Pyrophosphate,  Mg^P^O^,  and  is 
weighed  as  such. 

Weigh  out  accurately  about  1  gram  of  pure  recrystallised 
sodium  phosphate,  Na2HP04.12H20,  into  an  18-oz.  beaker, 
and  dissolve  it  in  about  100  c.c.  of  water.  Add  sufficient 
ammonium  hydrate  solution  to  make  the  liquid  smell  slightly 
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of  ammonia,  then  add  a  slight  excess  of  "  magnesia  mixture  " 
(132}.  Stir  the  liquid  yigorously  with  a  glass  rod,  without 
touching  the  interior  of  the  vessel,  and  allow  the  vessel  to 
stand  for  at  least  twelve  hours  to  insure  complete  precipi- 
tation ;  or  shake  the  liquid  yigorously  in  a  stoppered  glass 
cylinder  for  five  minutes,  when  precipitation  will  he  complete. 
Then  treat  the  precipitate  in  the  manner  described  under  the 
estimation  of  magnesium  (IJO). 

From  the  weight  of  MggPjO;  thus  obtained,  the  percentage 
of  PO4  may  be  calculated. 

132.  Preparation  of  "Magnesia  Mixture."— Dissolye  one  part  of 
crystallised  magnesimn  sulphate,  or,  better,  the  equivalent  weight  of 
magnesium  chloride,  in  eight  parts  of  distilled  water.  Dissolve  in  this 
solution  two  parts  of  ammonium  chloride,  and  then  add  four  parts  of 
the  strongest  solution  of  ammonium  hydrate  (0*88  sp.  gr.).  Allow  this 
mixture  to  stand  for  several  days,  and  decant  the  liquid  from  any  solid 
matter  which  has  settled  down.  The  clear  liquid  is  used  for  the  pre- 
cipitation of  phosphate. 

X35.  Phosphates  which  are  Insoluble  in  Water  should  be 
dissolved  in  dilute  nitric  acid.  The  solution,  which  must  contain 
very  little  phosphate,  is  mixed  with  a  large  excess  of  solution  of 
ammonium  molybdate  in  nitric  acid  (448),  and  the  temperature  of  the 
liquid  is  maintained  at  about  40**  G.  for  some  hours.  The  precipitate 
thus  obtained  is  filtered  off,  and  the  filtrate  is  treated  as  above  with 
additional  molybdate  solution.  The  whole  of  the  precipitate  producible 
by  the  molybdate  is  then  filtered  off  and  washed  with  water  containing 
a  little  nitric  acid.  It  is  then  dissolved  in  ammonium  hydrate  solution, 
and  this  solution  is  precipitated  by  magnesia  mixture,  as  is  described 
above  (131). 

A  Voliimetrio  Method  for  estimating  Phosphate  is  given  in  par.  3xa 


Estimation  of  ASO4  in  a  Soluble  Arsenate. 

X34.  The  A8O4  is  precipitated  as  Mg(NS^)A804.6H^;  this  is 
converted  by  ignition  into  1/Lg^kMfij,  and  is  weighed  as  such. 

Weigh  out  accurately  about  1  gram  of  pure  recrystallised  sodium 
arsenate,  Na2HAs04.12H20,  into  an  18-oz.  beaker.  Dissolve  the  solid 
in  about  100  c.c.  of  cold  water,  add  some  ammonium  hydrate  solution, 
and  then  excess  of  magnesia  mixture  (132).  Stir  well,  and  allow  the 
liquid  to  stand  for  twenty -four  hours,  or  shake  it  vigorously  for  five 
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minutes  in  a  stoppered  glass  cylinder.  Then  filter,  and  wash  the 
precipitate  thoroughly  with  ammonium  hydrate  solution,  as  was 
described  in  the  estimation  of  Mg  (ijo).  Finally  dry  it  in  the  steam- 
oyen. 

Separate  the  dry  precipitate  as  completely  as  possible  from  the 
filter,  and  place  it  on  a  sheet  of  glazed  paper  (78).  Then  saturate  the 
filter  with  strong  ammonium  nitrate  solution  ;  dry  it,  and  incinerate 
it  in  a  porcelain  crucible,  heating  gently  at  first,  and  gradually  raising 
the  temperature  to  a  red  heat. 

As  soon  as  the  filter  has  been  completely  incinerated,  transfer  the 
precipitate  also  to  the  crucible.  Cover  the  crucible  with  a  perforated 
lid  carrying  a  gas-tube,  as  is  shown  in  fig.  46  or  fig.  47  (pp.  63,  64),  and 
heat  the  precipitate  in  a  slow  current  of  oxygen,  which  may  be  sup- 
plied firom  a  cylinder  of  the  compressed  ga&  Qradually  raise  the 
temperature  to  bright  redness,  and  then  allow  the  crucible  to  cool,  and 
weigh  it  Repeat  the  aboye  process  of  heating  in  oxygen,  until  the 
weight  of  the  crucible  and  its  contents  becomes  constant 

NoU.— The  aboTe  special  method  of  ignlUon  is  neoeaaary  in  order  to  prereot 
the  oocnrrenoe  of  redaction  and  the  consequent  lots  of  As  by  ▼olattUsation ;  it 
further  Mrres  to  secure  a  raddne  of  fixed  composition. 

From  the  weight  of  Mg^kafij  thus  obtained,  the  percentage  of  AsO^ 
may  be  calculated. 


Estimation  op  Sodium  in  Sodium  Ghloridb. 

135.  The  Sodium  Chloride  is  converted  into  Sodium 
Sulphate,  Na^SO^  by  treatment  with  H^SO^,  followed  by 
evaporation  and  ignition,  and  is  weighed  as  such. 

Note, — ^This  process  is  applicable  to  any  sodium  compound,  which 
leaves  pure  Na^04  as  a  residue,  after  it  has  been  treated  with  strong 
H^Of  and  the  residue  left  after  evaporation  has  then  been  ignited. 

Weigh  out  accurately  about  1  gram  of  purified  NaCl 
(82,  Exp.  25)  into  a  platinum  crucible.  Moisten  this  with 
as  small  a  quantity  of  water  as  possible,  and  add  concen- 
trated sulphuric  acid  drop  by  drop,  quickly  replacing  the 
cover  of  the  crucible  after  each  addition  of  acid. 

When  the  whole  of  the  salt  has  been  acted  upon,  the 
crucible  and  its  contents  are  heated  cautiously  over  a  small 
Bunsen-flame,     The  crucible  should  be  supported  in  an  in- 

H 
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dined  position,  and  be  almost  covered  by  the  lid,  a  small 
opening  only  being  left  to  permit  the  fumes  of  the  sulphuric 
acid  to  escape.  The  heat  should  be  applied  near  the  top  of 
the  crucible,  in  order  to  prevent  the  liquid  from  creeping  up 
the  sides  of  the  vessel  (fig.  52,  p.  66). 

White  fumes  must  escape  during  the  process  of  heating, 
since  their  evolution  proves  that  H2SO4  has  been  added  in 
excess.  The  .  crucible  should  be  heated  to  redness  for  at 
least  fifteen  minutes  after  the  fumes  have  ceased  to  appear. 
It  is  then  allowed  to  cool  in  the  desiccator,  and  is  weighed. 
The  above  processes  should  be  repeated  until  two  consecu- 
tive weighings  are  identical,  after  the  crucible  has  been 
reheated  for  five  minutes. 

The  saline  mass  becomes  pasty  during  the  process  of  heat- 
ing. This  is  due  to  the  change  of  the  sodiimi  bisulphate, 
which  is  first  formed,  into  the  less  fusible  normal  sulphate. 

The  change  from  bisulphate  into  normal  sulphate  may  be 
accelerated  by  the  introduction  of  a  httle  powdered  ammo- 
nium carbonate  into  the  crucible,  while  it  is  faintly  red  hot. 
The  lid  is  then  replaced,  and  the  crucible  is  strongly  heated 
for  a  few  minutes.  This  treatment  should  be  repeated 
until  the  weight  of  the  crucible  and  its  contents  becomes 
constant. 

From  the  weight  of  NajSO^  thus  obtained,  the  percentage 
of  Na  can  be  calculated. 


Estimation  of  Potassium  in  Potassium  Chloride. 

Two  methods  of  estimation  are  described.  The  potas- 
sium is  either  weighed  as  platino-chloride  (136),  or  as 
sulphate  (137)* 

136.  The  Potassium  Gbloride  is  precipitated  as  the 
Doable  Gbloride  of  Platinuin  and  Potassium,  K^tOl^j, 
and  is  weighed  as  such. 

Note. — ^Thifl    method    is  only  applicable  to  those  potas^am  com- 
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ponods,  which  can  be  completely  conyerted  into  potaasiiun  chloride, 
by  evaporation  with  hydrochloric  acid:  since  it  is  only  as  chloride 
that  the  potassium  can  be  completely  precipitated  by  PtCl4  solution. 

Weigh  out  accurately  into  a  4-inch  porcelain  dish  about 
0*25  gram  of  pure  recrystalliaed  potassium  chloride  (8o). 
Dissolve  this  in  a  small  quantity  of  water,  and  add  a  few 
drops  of  hydrochloric  acid.  Then  add  platinum  chloride 
solution  in  such  quantity,  that  it  contains  a  weight  of  PtCl^ 
at  least  three  times  as  great  as  that  of  the  KGl  used ;  and 
evaporate  the  liquid  on  the  water-bath,  until  a  semi-solid 
crystalline  mass  is  obtained. 

It  is  absolutely  necessary  that  the  platinum  chloride  should 
be  present  in  excess.  This  is  known  to  be  the  case  when  the 
liquid  is  of  an  orange  colour  after  it  has  been  concentrated 
to  a  small  bulk  on  the  water-bath. 

Proceed  to  treat  the  residue  which  is  left  by  evaporation, 
according  to  one  of  the  methods  (a)  or  (b)  described  below, 
of  which  (b)  is  somewhat  the  quicker. 

(a).  First  Method. — Pour  alcohol  upon  the  residue,  using 
either  rectified  spirit .  or  pure  methylated  spirit.  Grently 
shake  the  liquid  round  in  the  dish,  so  as  to  mix  the  contents 
uniformly  together.  Allow  the  precipitate  to  settle  completely, 
and  pour  off  the  liquid  through  a  tared  filter  or  through  two 
counterpoised  filters  (6l,  a,  b).  Bepeat  these  operations 
twice;  and  finally  transfer  the  undissolved  double  salt  to 
the  filter,  by  means  of  a  small  wash-bottle  containing  alcohoL 
Wash  the  precipitate  upon  the  filter  with  alcohol  until  the 
washings  are  no  longer  coloured :  then  dry  the  filter  and  its 
contents  in  the  funnel  at  100°  C,  and  transfer  them  while 
hot  to  a  tube  (fig.  7,  p.  12),  or  to  a  small  beaker  which  can 
be  covered  with  a  watch-glass ;  weigh,  and  repeat  the  heating 
until  the  weight  is  constant. 

(b).  Second  Method, — Wash  the  precipitated  double  salt 
with  alcohol  in  the  dish  by  decantation  until  the  alcohol  is 
no  longer  coloured.  Then  decant  off  the  alcohol  through  an 
untared  filter-paper,  taking  care  that  as  little  as  possible  of 
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the  precipitate  is  poured  off  with  the  alcohol.  Now  rinse  the 
double  salt  by  means  of  the  alcohol  wash-bottle  into  a 
platinum  crucible,  dry  it  at  100**  C,  and  weigh  it. 

Incinerate  the  filter  (74),  which  will  contain  a  little  of  the 
double  salt,  drop  the  ash  into  the  crucible,  and  again  weigh 
the  crucible.  The  weight  of  the  filter-ash  is  now  deducted 
from  the  increase  noted  in  the  weight  of  the  crucible,  and  the 
approximate  weight  of  platinum  which  has  been  left  in  the 
filter-ash  is  thus  found.  The  weight  of  double  salt  which  would 
contain  this  platinum  is  calculated,  and  this  weight  is  added 
to  that  of  the  double  salt  already  found  in  the  crucible. 

If  the  quantity  of  precipitate  which  was  left  on  the  filter  is  appreci- 
able, the  weight  of  KGI  which  remains  unchanged  in  the  filter-ash  will 
introduce  an  error  :  this  weight  cannot  be  allowed  for,  since  much  of  the 
KCl  will  have  been  lost  by  volatilisation.  If  great  accuracy  is  neces- 
sary, the  filter  Is  ignited  in  a  separate  crucible  ;  the  RGl  is  then  washed 
out  from  the  ash  by  hot  water,  and  the  dried  residue  is  weighed.  The 
true  weight  of  the  platinum  in  the  ash  is  thus  ascertained,  and  the 
weight  of  double  chloride  which  contained  it  is  calculated,  and  is  added 
to  that  already  found. 

From  the  weight  of  the  double  salt^  K^^iGl^  thus  found, 
the  percentage  of  K  can  be  calculated. 

Z57.  ErtimAtion  of  Potaarium  as  Sulphate. — ^The  process  is  precisely 
similar  to  that  described  in  paragraph  155  for  sodium  compounds.  It 
is  only  suitable  for  those  potassium  compounds  which  leave  pure  potas- 
sium sulphate,  E^04,  when  the  residue,  left  after  evaporation  with 
sulphuric  acid,  has  been  ignited. 


Estimation  of  Ammonium  in  its  Compounds. 

The  Ammonia  gas  is  driven  off  by  heating  the  substance 
with  caustic  alkali  solution,  and  is  estimated  either  gravi- 
metrically  (138)  or  volumetrically  (139). 

138.  The  Ammonia  is  expelled  by  heating  the  ammo- 
mum  compoond  with  Sodium  Hydrate  Solntion,  and 
is  absorbed  in  dilute  HOI;  the  Ammonium  Chloride 
thus  prodnced  is  precipitated  as  the  Donble  Chloride 
(RK^)^tCl^  by  Platinic  Chloride,  and  is  weighed  as  such. 
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The  Oeaeral  DeteripUon  of  the  Procem  will  be  undeistood 
b;  reference  to  fig.  98.  The  weighed  funmoninm  compound 
is  introdaced  into  the  decompoBition  flask  (a),  snd  the 
eaostic  alkali  eolation  is  allowed  to  drop  upon  it  from  the 
Btqipeied  funnel  {b).  When  this  flask  is  heated,  ammonia 
is  evolved,  and  is  absorbed 
by  the  dnute  acid  in  the  ^"*'  "• 

ahsotption  flask  {h).  The 
absorption  tube  (»)  con- 
tains glass  moiBtened  with 
dilute  add;  this  add  ab- 
sorbs any  traces  of  am- 
monia which  may  not  be 
arreated  by  the  acid  in  the 
flask  (A),  and  prevents 
them  from  escaping  into 
the  air.  The  enlargement 
in  the  tube  {d)  receives  any 
add  which  may  be  sucked 
back  from  the  absorption 
flask  (A),  and  prevents  it 
from  enteriug  the  decom- 
podtiou  flask  (a). 

Another  form  of  apptntus 
Biiitabla  for  thii  {oocess  and 
for  th»t  descrilMd  in  paragraph 

139  ^"  ^  found  figured  in  paragraph  664.  The  ammoufum  compound 
ia  mixed  with  BodiDm  hydrate  solution  in  the  large  flaik,  and  the 
kminoDia  is  expelled  in  steam  by  heating  the  large  flask  by  a  flame  so 
u  to  keep  the  liquid  boiling  brisUy,  or  ateam  is  blown  thraogh  the 
liquid  Irom  a  wparate  vessel  as  ia  diown  in  the  fignre  (61S4).  The 
steam  ia  condensed  by  a  condenser,  and  carries  the  anunonia  into  the 
acid  in  the  Teceiving  flask. 

Deeeription  of  the  Apparatut  (fig.  58). — A  twelve-ounce 
round  flask  (a)  Is  fitted  with  a  rubber  cork,  through  which 
passes  a  stoppered  funnel-tube  (A)  of  about  50  c.c.  capadty. 
The  lower  ead  of  this  funnel-tnbe  is  drawn  ont  to  a  fine 
point. 
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Instead  of  a  funnel,  a  50  0.0.  pipette  may  be  used,  the  lower  end  of 
which  is  drawn  oat ;  the  upper  end  of  the  pipette  is  fitted  with  a  piece 
of  rubber  tubing  which  can  be  dosed  by  a  screw-clamp,  so  as  to  preyent 
the  liquid  which  it  contains  from  descending  into  the  flask  (fig.  69,  6, 
p.  122).    The  screw-clamp  takes  the  place  of  the  stop-cock. 

This  flask  is  connected  by  means  of  a  bent  tube  and 
rubber  joint  with  a  50  c.c.  pipette  {d).  The  connecting- 
tube  and  the  top  of  the  pipette  must  be  of  the  same  diameter, 
and  their  ends  must  be  brought  into  close  contact  within  the 
joint  This  pipette  passes  through  a  rubber  cork  which  is 
fitted  in  the  neck  of  a  ten-ounce  conical  flask  (h).  The  lower 
end  of  the  pipette  is  drawn  out  to  a  fine  point.  Through 
the  same  cork  a  small  absorption-tube  (n),  filled  with  broken 
glass,  also  passes. 

The  conical  flask  is  filled  to  the  depth  of  about  half  an 
inch  with  hydrochloric  acid,  made  by  diluting  the  strong  acid 
with  six  times  its  volume  of  water.  The  acid,  preferably 
mixed  with  a  drop  of  methyl-orange  (227)1  ^^  poured  into 
the  flask  through  the  absorption-tube  (n)  containing  the 
broken  glass,  and  the  glass  is  thus  wetted  with  the  liquid. 
The  point  of  the  pipette  is  adjusted  so  as  to  dip  just  below 
the  surface  of  the  acid. 

The  whole  apparatus  should  be  screened,  or  placed  in  a 
fume-closet,  in  order  to  shelter  it  from  draughts  while  it  is 
being  used,  since  the  cooling  action  of  an  air  current  renders 
the  process  very  irregular. 

Descripttan  of  the  Process  of  Estimation, — About  1 
gram  of  ciystallised  ferrous  -  ammonium  sulphate, 
Fe(NH4)2(S04)2.6HjO  (81,  Exp.  23),  is  accurately  weighed 
out,  all  crystals  which  show  a  yellowish  tinge  being  re- 
jected. The  salt  is  introduced  into  the  round  flask  (a),  and 
is  then  dissolved  in  about  50  c^c.  of  water. 

The  bulb  of  the  funnel-tube  (h)  is  now  filled  with  sodium 
hydrate  solution,  prepared  by  dissolving  one  part  of  NaHO 
in  four  parts  of  water.  The  rubber  cork,  bearing  the  funnel 
and  connecting-tube,  is  fitted  into  the  flask,  and  is  bound 
down  with  copper  wire  to  the  neck  of  the  flask.     The  con- 
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nection  with  the  other  flask  (h)  is  then  made  by  means  of  the 
rubber  joint. 

The  contents  of  the  round  flask  are  now  heated  to  incipient 
ebullition,  and  theNaHO  solution  is  allowed  to  drop  slowly  into 
the  flask,  by  slightly  opening  the  stop-cock  of  the  funnel  (b)» 

As  the  ammonia  gas  is  given  off,  it  is  absorbed  by  the  acid 
in  the  conical  flask  (k\  which  is  kept  cool  by  being  placed 
in  a  dish  of  water.  The  bulb  of  the  pipette  (d)  prevents  the 
acid  from  being  sucked  back  into  the  heated  flask  (a)  by  the 
absorption  of  the  ammonia,  since,  as  soon  as  the  bulb  becomes 
partially  filled  with  the  acid,  the  tip  of  the  pipette  is  no 
longer  submerged;  accordingly  air  passes  up  in  bubbles 
through  the  pipette  and  restores  the  equilibrium.  The  point 
of  the  pipette,  which  is  only  just  immersed  in  the  acid  at  the 
commencement  of  the  process,  must  be  occasionally  raised, 
as  the  volume  of  liquid  in  the  flask  increases  during  the 
operation. 

As  soon  as  all  the  NaHO  solution  has  flowed  from  the 
funnel  (b)  into  the  flask,  the  stop-cock  (b)  is  closed,  the  flame 
is  raised,  and  the  contents  of  the  flask  are  kept  boiling 
briskly  for  about  twenty  minutes.  The  methyl-orange  must 
not  indicate  alkaline  reaction  (227)* 

The  two  flasks  are  now  disconnected,  and  the  absorption 
flask  (^),  with  its  pipette  and  absorption-tube,  are  rinsed  out 
with  water  into  a  porcelain  dish.  Excess  of  platinum  chloride 
solution  is  added  to  the  contents  of  the  dish  :  the  liquid  is 
evaporated  on  the  water-bath ;  and  the  (NH4)2PtCl0  is  esti^ 
mated  in  the  same  way  as  the  corresponding  potassium  salt 

(136). 

The  Determination  may  be  Oontrolled,  by  igniting  the  preoipitate 
to  redness,  and  weighing  the  metallic  platinnm  which  remains. 

For  this  pnrpose  the  cmcible,  containing  the  double  salt  together 
with  the  filter  or  the  filter-ash,  is  covered  and  heated  gently  for  a  time. 
The  lid  is  then  removed  and  the  heat  is  gradually  increased,  care  being 
taken  to  bum  away  the  carbon  of  the  filter-paper  completely.  The 
contents  of  the  crucible  are  finally  heated  to  bright  redness  and  the 
residue  of  metallic  platinum  is  weighed.  This  residue  does  not  require 
to  be  washed,  as  is  the  case  with  the  estimation  of  potassium  platino- 
chloride,  since  AmCI  is  volatile  and  cannot  remain  after  ignition. 
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139.  The  Ammonia,  expelled  by  heating  the  Anmionium 
Compound  with  Caustic  Alkali  Solution,  is  absorbed  in  a 
known  volume  of  Standard  Add,  and  the  excess  of  add 
is  determined  by  titrating  the  add  with  Standard  Alkali 
Solution. 

Note. — This  method  of  estimation  by  means  of  standard  solutions 
is  much  more  rapidly  carried  out  than  that  described  in  par.  138,  but 
it  should  not  be  attempted  until  the  student  has  acquired  some  know- 
ledge of  volumetric  analysis. 

The  ammonia  gas  is  evolved  and  absorbed  in  precisely  the 
same  way  as  has  been  described  above  (138).  The  gas  is 
absopbed,  however,  in  100  c.c.  of  normal  sulphuric  acid  (236), 
contained  in  the  flask  (h). 

As  soon  as  the  evolution  and  absorption  of  the  ammonia  is 
complete,  the  absorption-apparatus  is  rinsed  out  with  water  as 
in  the  preceding  process,  and  the  acid  and  washings  are  made 
up  to  200  c.c.  The  well-mixed  liquid  is  then  transferred  to  a 
burette,  and  is  titrated  against  10  c.c.  of  normal  soda  solution, 
using  either  litmus  or  methyl-orange  as  an  indicator.  Two 
titrations  should  not  differ  by  more  than  0*1  c.c. 

The  FoUowing  Example  will  serve  to  illustrate  this  process  and  the 
method  of  calculation. 

0'985  gram  of  crystallised  ferrous  ammonium  sulphate  was  weighed 
out.  The  ammonia  was  absorbed  by  100  c.c.  of  normal  sulphuric  acid. 
After  the  absorption  the  liquid  was  made  up  to  200  c.c. 

21  C.C  of  this  liquid  were  found  to  exactly  neutralise  10  c.c.  of  normal 
NaHO: 

.*.  200  c.c.  would  require  ™^-lP=05*24  co.  of  normal  NaHO, 

.•.  the    number    of    c.c.    of  H2SO4    neutralised    by    the    NH3 
=  100 -96  •24  =  4-76. 
And  since  each  c.c.  of  acid  corresponds  to  0*018  gram  of  KH4, 
the  weight  of  NH4  in  the  salt=4'76  x  0*018=0*08568, 

.-.  the  percentege  of  NH,=^:2?5?|^=9*16. 
Anothar  Method  for  estimating  Ammonia  Tolnmelrically  is  given  In  par.  145. 
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£STI]CATION   OF  GaRBON   DiOXIDB   IN   A   CaBBONATH. 

Three  methods  of  estimation  are  descrihed  below. 

By  the  first  method  (140)  the  carbon  dioxide  is  collected 
and  weighed  directly. 

The  second  method  (146)  depends  upon  finding  the  loss  of 
weight  which  the  carbonate  imdergoes  by  the  removal  of  its 
carbon  dioxide. 

The  third  method  (149)  measures  the  volume  of  GO, 
which  is  evolved  by  the  carbonate  when  it  is  decomposed  by 
an  add. 

14a  By  Direct  Weighing.  The  Carbon  Dioxide  gaa  is 
liberated  hy  treating  the  Carbonate  with  an  Add;  it  is 
then  absorbed  liy  means  of  Soda>lime,  and  is  weighted. 

The  Chneral  Description  of  the  Process  will  be  understood 
by  referring  to  fig.  59.  The  carefully  weighed  carbonate  is 
introduced  into  the  flask  (a),  and  is  decomposed  by  acid 
from  the  pipette  {h).  The  carbon  dioxide  which  is  evolved 
passes  through  strong  sulphuric  acid  in  the  glass-bulb  appa- 
ratus ((2)y  and  then  through  the  tube  {e\  in  which  it  is  freed 
by  copper  sulphate  from  any  hydrogen  chloride  which  has 
been  expelled  by  heat  from  the  acid  in  the  flask  (a).  The 
carbon  dioxide  is  finally  absorbed  by  the  soda-lime  contained 
in  the  weighed  tube  (/). 

The  tube  {g)  contains  calcium  chloride,  and  is  intended  to 
prevent  water  vapour  from  passing  back  from  the  aspirator 
to  the  tube  (/).  The  aspirator-bottle  (h)  serves  to  draw  air 
through  the  whole  apparatus  at  the  end  of  the  process,  so  as 
to  carry  over  all  the  carbon  dioxide  into  the  absorption- 
tube  (/) ;  this  air  is  freed  from  carbon  dioxide  by  passing 
through  the  soda-lime  tube  (c)  on  its  way  to  the  pipette  {h) 
and  the  flask  (a). 

The  tube  (/)  is  weighed  at  the  end  of  the  process,  and  the 
increase  in  its  weight  gives  the  weight  of  carbon  dioxide 
which  has  been  evolved  from  the  known  weight  of  car- 
bonate. 
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Detailed  Description  of  tlie  Apparattu. — The  apparatus 
employed  for  this  estimation  is  ahown  in  fig.  59.  An  8-oz. 
conical  flask  (a)  is  fitted  with  a  rubber  cork  boted  with 
two  holes.  Through  one  of  the  holes  passes  a  funnol-tube 
(fig.  68,  b),  or  a  GO  c.c.  pipette  (fig.  69,  b),  the  lower  end  of 
which  is  drawn  out  to  a  fine  point.    The  bulb  of  the  pipette 


IB  filled  with  the  dUute  acid,  which  is  later  on  to  effect  the 
decompodtion  of  the  carbonate,  and  ita  lower  end  is  dtuated 
about  one  inch  from  the  bottom  of  the  flask. 

To  the  upper  end  of  the  pipette  is  attached  a  piece  of  rubber 
tubii^  about  8  inches  in  length,  on  which  is  a  screw-clamp 
for  opening  or  closing  communication  with  the  U-tube  (c) 
containing  soda-lime.  One  end  of  this  U-tube  is  connected 
with  the  rubber  tubing,  the  other  end  being  open  to  the  air. 
Thia  tube  ia  intended  to  free  the  air,  which  is  finally  drawn 
through  the  apparatus,  from  carbon  dioxide. 

A  piece  of  bent  glass  tube  is  pushed  through  the  second  hole 
of  the  rubber  cork  in  the  flask  (a)  to  the  distance  of  about 
an  inch,  the  tower  end  of  the  tube  being  cut  off  obliquely, 
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as  is  shown  in  fig.  58,  p.  117.  Attached  to  this  tube 
are  bulbe  and  U -tubes,  connected  with  each  other  by 
rubber  joints:  these  serve  respectively  for  drying,  purify- 
ing, and  absorbing  the  carbon  dioxide  gas,  as  is  explained 
below. 

The  bulb-tube  (d)  contains  strong  sulphuric  acid :  it  serves 
for  drying  the  gas,  and  also  acts  as  a  gauge  to  indicate  the 
rate  at  which  the  gas  is  passing  over  from  the  flask  (a). 
Liebig's  or  Geissler's  potash-bulbs  serve  well  for  this 
purpose.  The  sulphuric  acid  should  half  fill  the  three  lower 
bulbs. 

The  U-tube  (e)  has  the  limb  nearest  the  bulb-tube  (d) 
filled  with  solid  calcium  chloride  (142).  The  other  limb  of 
this  U-tube  is  filled  with  dehydrated  copper-sulphate-pnmice, 
in  order  to  absorb  any  HCl  which  may  be  given  off  during 
the  heating  of  the  liquid  in  flask  (a). 

The  stoppered  U-tube  (/),  which  is  the  absoi^tion-tube  for 
the  CO2  evolved  from  the  carbonate  (143)1  has  the  limb  nearest 
to  the  copper-sulphate  tube  (e),  the  bend,  and  half  the  other 
limb  filled  with  soda-lime ;  the  remainder  of  the  tube  is  filled 
with  solid  calcium  chloride.  The  soda-lime  in  this  tube 
becomes  heated  when  it  absorbs  COj ;  any  moisture  which 
is  thus  expelled  is  absorbed  by  the  calcium  chloride,  and 
loss  of  weight  by  escape  of  moisture  from  the  tube  is  thus 
prevented. 

The  remaining  tube  (g)  is  filled  with  solid  calcium  chloride, 
and  is  shown  in  the  figure  to  be  in  connection  with  a  water- 
aspirator  (h).  The  aspirator  (141)  is  connected  with  the 
calcium  chloride  tube  only  when  the  evolution  of  GOg  has 
ceased.  I(  serves  to  draw  air  through  the  flask  and  tubes  at 
the  end  of  the  process,  and  thus  to  carry  the  COg  over  into 
the  absorption-tube  (/). 

141.  The  Syphon  Aspirator  is  made  from  a  Winchester  quart- 
bottle  (fig.  59,  h)  in  the  following  way  : — A  sound  cork  bored  with 
two  holes  is  fitted  into  the  neck  of  the  bottle.  Into  one  of  these 
holes  a  piece  of  glass  tube  bent  at  right  angles  is  fitted,  the 
tube  passing  just  through  the  cork.  Through  the  other  hole 
in  the  cork  passes  a  tube,  which  is   bent   at    right   angles,  and 
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reaches  to  the  bottom  of  the  bottle.  When  the  bottle  is  to  be  used 
as  an  aspirator,  a  mbber  tube  extending  below  the  level  of  the  bench, 
on  which  the  bottle  stands,  is  attached  to  the  longer  glass  tnbe,  which 
is  thus  enabled  to  act  as  a  syphon.  A  screw-damp  on  the  rubber 
joint  serves  to  regulate  the  outflow  of  the  water. 

The  bottle  is  now  filled  with  water,  and  suction  is  applied  to  the 
lower  end  of  the  mbber  tube  until  it  is  filled  with  water.  A  con- 
tinuous stream  of  water  will  flow  out  through  the  syphon-tube 
after  the  suction  is  stopped.  Air  will  enter  the  bottle  through  the 
shorter  tube  to  supply  the  place  of  the  water.  A  continuous  current  of 
air  can  accordingly  be  drawn  through  the  series  of  tubes  and  the 
flask  by  attaching  them  by  rubber  tube  to  the  shorter  tube  in  the 
bottle.    The  rate  of  aspiration  can  be  regulated  by  the  screw-clamp. 

Z43.  Preparation  of  the  Ab0orption-tabea.^Fig.  60  represents  a 
convenient  form  of  U-tube  for  containing  the  solid  absorbents.  The 
tube  is  washed  perfectly  clean,  and  rinsed  with  distilled  water.    It 

is  then  dried  in  the  steam-oven,  or  more 
quickly  by  driving  a  current  of  air  through 
it  by  means  of  a  foot-bellows,  and  at  the 
same  time  heating  the  tube  gently  over  a 
Bunsen-flame. 

When  the  absorbent  is  in  the  tube,  it 
must  always  be  protected  from  contact 
with  the  atmosphere.  This  is  effected  by 
closing  the  vertical  limbs  with  corks,  and 
by  pushing  over  the  side-tubes  short  pieces 
of  rubber  tubing  closed  with  little  plugs 
of  glass  rod.  The  side  tubes  are  only  un- 
stopped when  the  U-tube  is  being  connected  for  use  in  the  process  of 
absorption,  and  while  it  is  being  weighed. 

The  granulated  solid,  which  is  to  be  introduced  into  the  U-tube, 
must  be  freed  from  fine  powder,  which  would  stop  the  passage  of  the 
gas.  But  since  the  solid  particles  absorb  gas  or  vapour  by  their 
surface,  they  should  be  small  and  uniform  in  size,  so  as  to  expose  the 
largest  possible  absorbent  surface. 

A  suitable  granular  powder  may  be  produced  in  the  following 
manner.  The  solid  is  coarsely  powdered  in  a  porcelain  mortar,  and 
this  powder  is  then  shaken  upon  a  perfectly  dry  and  clean  fine  brass- 
wire  sieve  of  twenty  strands  to  the  inch.  The  powder  which  passes 
through  is  rejected.  The  remainder  is  freed  from  large  lumps  by 
causing  it  to  pass  through  a  coarser  sieve  of  eight  strands  to  the  inch. 
The  particles  which  pass  through  this  sieve  are  used  for  filling  the 
absorption-tubes.  The  larger  pieces,  which  do  not  pass  through  the 
coarser  sieve,  are  broken  up  again  in  the  mortar,  and  are  subjected 


once  more  to  the  above  processes  of  sifting. 
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The  U-tnbe  is  filled  with  the  granular  solid  almost  up  to  the  level  at 
which  the  side-tubes  enter.  A  loose  plug  of  cotton-wool  or  glass-wool 
is  then  inserted,  so  as  to  prevent  the  solid  particles  from  entering  the 
side-tubes.  Two  sound  corks  of  suitable  size  are  softened  by  pressure, 
and  are  fitted  into  the  open  ends  of  the  U-tube.  Each  cork  is  then 
cut  off  level  with  the  top  of  the  tube,  and  a  little  melted  paraflin-wax 
is  brushed  over  the  cork  so  as  to  make  it  perfectly  gas-tight. 

Soda-lime  and  Calcium  Chloride  are  prepared  as  above,  and  are 
used  for  filling  the  tubes  (e)  and  {g)  respectively  (fig.  59).  The  solution 
of  a  small  portion  of  the  calcium  chloride  must  be  proved  not  to  give 
an  alkaline  reaction  to  turmeric  paper. 

The  Copper-aulphate-pnmioe,  which  the  tube  («)  contains  in  addi- 
tion to  the  calcium  chloride,  may  be  made  in  the  following  manner. 
Pumice-stone  is  granulated  by  powdering  and  sifting  it  in  the  manner 
described  above.  It  is  then  heated  with  a  moderately  strong  solution 
of  copper  sulphate.  The  liquid  is  poured  off;  and  the  pumice,  which 
is  now  saturated  with  the  solution,  is  heated  in  the  air-oven  to  a 
temperature  of  200*"  C,  until  the  blue  colour  of  the  copper-salt  dis- 
appears. It  may  then  be  used  for  partially  filling  the  tube  («)  as  has 
been  already  described. 

Both  SodA-lime  and  Calcium  Chloride  are  introduced  into  the 
tube  (f)  in  the  way  already  described.  For  this  absorption-tube, 
either  tiie  U-tube  shown  in  fig.  60,  or  a  stoppered  U-tube  (fig.  69,/), 
which  is  more  costly  but  more  convenient,  may  be  used  (143). 

Z43.  Stoppered  U-tube. —-The  stoppered  tube  differs  from  the  one 
already  described  by  having  a  hollow  stopper  open  below  ground  into 
the  upper  part  of  each  limb.  These  stoppers  are  wiped  perfectly  clean 
with  filter-paper  and  are  then  greased  with  a  little  lard  or  vaseline  to 
make  them  fit  air-tight  in  their  seats.  At  the  side  of  the  hollow  stopper, 
and  on  a  level  with  the  entrance  of  the  side-tube,  is  a  perforation  ;  so 
that  by  simply  turning  the  stopper  round  in  its  seat,  communication 
between  the  U-tube  and  the  side-tube  may  be  opened  or  closed  at 
pleasure. 

It  will  be  seen  that  by  this  arrangement  the  contact  of  the  absorbent 
with  the  atmosphere  may  be  prevented  by  simply  turning  the  stopper, 
and  the  caps  for  the  side-tubes  are  unnecessary.  This  closed  stoppered 
tube  can  accordingly  be  weighed  in  a  more  leisurely  fashion  than  the 
open  tube,  and  without  risk  of  increasing  in  weight  during  the  process. 
Solid  particles  are  prevented  from  entering  the  side-tubes  by  loosely 
filling  the  hollow  stoppers  with  plugs  of  cotton-wool  or  glass-wool. 

144.  Tegting  the  Apparatue, — As  soon  as  the  tubes  have 
been  connected  with  one  another  and  with  the  decomposi- 
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tion  flask  by  means  of  rubber  tubing,  the  apparatus  should 
be  tested  in  the  following  manner  in  order  to  ascertain 
whether  it  is  gas-tight.  To  the  last  U-tube  (g)  is  attached 
a  piece  of  glass  tube,  which  dips  into  a  beaker  of  water. 
Gentle  suction  is  applied  at  (c)  so  as  to  cause  the  water 
to  ascend  about  6  inches  in  the  glass  tube ;  the  screw-clamp 
on  (b)  is  then  closed.  If  the  level  of  the  water  in  the  tube 
does  not  fall  after  an  interval  of  about  ten  minutes,  the 
apparatus  is  air-tight. 

If  the  level  of  the  water  in  the  tube  descends,  the 
apparatus  must  admit  air.  The  faulty  rubber  connection 
must  then  be  found  out,  and  the  rubber  must  be  boxmd 
upon  the  glass  tube  with  fine  copper  wire.  If  this  is  in- 
sufficient, the  rubber  joint  must  be  replaced  by  a  new  one. 

145.  Description  of  the  Process  of  Estimation. — As  soon 
as  the  apparatus  has  been  proved  to  be  air-tight,  the 
estimation  may  be  proceeded  with  as  follows. 

The  absorption-tube  (/)  is  first  wiped  clean  and  dry,  and 
carefully  weighed ;  it  is  then  connected  in  its  place  in  the 
series  of  U-tubes.  About  1  gram  of  precipitated  calcium 
carbonate  (82,  Exp.  24),  or  of  Iceland-spar,  is  accurately 
weighed  into  the  fiask  (a).  The  funnel-tube  or  the  pipette 
(5)  is  then  fiUed  by  suction  with  hydrochloric  acid,  which  has 
been  made  by  diluting  the  strong  acid  with  three  times  its 
volume  of  water,  and  the  acid  is  kept  in  the  pipette  by  closing 
the  clamp  at  the  top.  The  cork  carrying  the  pipette  is  then 
inserted  into  the  neck  of  the  flask  and  is  bound  down  by 
means  of  thin  copper  wire.  The  aspirator  Qi)  and  the  tube 
{c)  are  not  attached  until  a  later  stage  of  the  process. 

The  clamp  above  the  pipette  is  now  slightly  opened,  and 
the  acid  is  allowed  to  drop  slowly  upon  the  calcium  car- 
bonate in  the  flask.  Carbon  dioxide  gas  will  be  slowly 
evolved,  and  will  drive  out  the  air  of  the  flask  through  the 
absorption  apparatus.  The  bubbles  should  pass  through  the 
acid-bulbs  at  such  a  speed  that  they  can  be  easily  counted. 

As  soon  as  all  the  acid  has  flowed  from  the  pipette  into 
the  flask  the  clamp  above  the  pipette  is  closed,  and  the 
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point  of  the  pipette  is  carefully  pushed  down  beneath  the 
surface  of  the  liquid  in  the  flask. 

When  no  further  effervescence  occurs,  the  U-tube  (c)  and 
the  aspirator  are  attached,  the  clamp  above  the  pipette  is 
opened,  and  the  aspirator  is  slowly  started  into  action.  At  the 
same  time  a  small  Bunsen-flame  is  placed  under  the  flask,  so 
as  to  maintain  the  liquid  at  incipient  ebullition  and  expel  the 
dissolved  COj.  The  current  of  air,  which  is  drawn  through 
the  apparatus  by  the  aspirator,  displaces  the  COg  from  the 
flask,  the  bulbs,  and  the  first  U-tube,  and  carries  it  into 
the  absorption  tube  (/).  The  speed  of  the  air-current  is  so 
regulated  by  means  of  the  clamp  attached  to  the  aspirator, 
that  the  bubbles  can  be  counted  as  they  pass  through  the 
bulb-tube  ((/). 

The  soda-lime  in  the  tube  (/)  becomes  heated  by  its 
chemical  combination  with  GO2  during  the  early  stages  of 
the  process.  It  cools  again  as  the  absorption  of  GOg 
ceases.  Hence  most  of  the  COj  gas  is  known  to  have 
been  absorbed  when  the  absorption-tube  (/)  becomes  cold. 

In  order  to  insure  the  passage  of  the  whole  of  the  carbon 
dioxide  into  the  absorption-tube  (/),  a  volume  of  air,  equal 
to  about  six  times  the  capacity  of  the  flask  ^(a),  should  be 
drawn  through  the  apparatus. 

The  U-tube  (/)  is  then  disconnected.  The  stoppers  are 
at  once  turned  so  as  to  close  the  side-tubes;  or,  if  the 
ordinary  U-tube  has  been  used,  the  rubber  stoppers  are 
shpped  upon  the  side-tubes.  The  tube  is  weighed  after  it 
has  stood  for  about  half  an  hour,  so  as  to  gain  the  temperature 
of  the  air.  The  increase  of  weight  which  it  has  under- 
gone is  the  weight  of  COg  originally  present  in  the  calcium 
carbonate  taken. 

From  these  weights  the  percentage  of  COj  in  the  GaCOg 
can  be  calculated* 

Z46.  Estimation  of  Carbon  Dioxide  by  Difference.  The 
Carbon  Dioxide  gas  is  driven  off  by  treating  the  Car- 
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bonate  with  an  Add,  and  Uie  Ion  of  weight,  thus  oanaed, 
gives  the  amoimt  of  Carbon  Dioxide  in  the  Cartxmate. 

This  method  ia  aometimea  applied  to  the  decomposition  of 
a  carbonate  hj  dilute  HGl  or  HNO, ;  but  it  is  better  suited 
for  carbonates  which  are  completely  decomposed  by  HgSO^. 
When  one  of  the  volatile  acids  is  used,  the  results  obtained 
are  usually  too  high,  since  part  of  the  add  is  diiTen  off  when 
the  liquid  ia  heated  at  the  end  of  the  process :  this  loss  may 
be  prevented,  when  diliite  HCI  ia  used,  by  cauaing  the  GOj 
to  pass  over  copper-Eulphate-pumice  before  it  leaves  the 
apparatus;  any  HCI  is  thus  absorbed. 

Two  forms  of  apparatus  are  described  below  for  use  in 
this  process  (147, 148). 

147.  The  Sohrilttar  Apparatu,  shown  fn  fig.  SI,  {■  mads  of  thin 

blowD  glAu ;  iU  total  weight  ihould  not  eic«ed  GO  gmoa,     A  modified 

fonn  {fig.  62)  should  be  n«ed  U  dilute  bydroohlorio  add  i«  used  for 

deoompooing   the    carbonate.      Each 

Fin.  41.  figure  repreesnta  the  apparatns  one- 

third  Ita  Mtoal  rite. 

DaaipHon  of  tki  AppanUtu. — It 

consists  eaantitlly  of  •  flask  («),  In 
which  the  decomposition  of  the  car- 
bonate ii  efficted.  Comniqnlcsting 
with  this  flask  ttiare  aie  two  reeervoin 
(b)  and  (e) ;  alio  a  atoppered  opening 
(d),  whioh  serves  for  introducing  the 
carbonsts. 

The  reservoir  (b)  is  filled  with  the 
dilute  add.  This  add  is  afterwards 
intradnoed  gradually  into  (a)  bj  re- 
moving the  stopper  and  then  taming 
the  stop-cock  ;  it  serves  to  decompose 
the  catbonats. 

The  reservoir  (c)1b  half  filled  with 
strong  snlphnrio  add,  which  dries  the  CO,  gas  as  it  leaves  the  app«- 
ntne.  The  gu  passes  up  throngh  the  vertinl  inner  tube,  then  down 
again  and  ont  through  the  two  holes  at  tlie  base  of  the  second  tube. 
It  then  babbles  up  throngh  the  strong  sulphuric  add  before  making 
its  escape  through  the  upper  exit  tube  Into  the  air. 

Tilt  Proeat  o/£SriitnaJiM The  proportion  of  CO,  in  pnre  sodiom 
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cmrboiuila  nuy  be  «atiinKt«d  fay  thit  method.  Tlu  wit  nw;  be  prepwed 
by  beating  the  pnn  bicuboiute  in  »  pUtmnm  eradble  to  a  dnll-rad 
heat,  until  it  no  longer  Iomb  weight  by  repeating  the  ignition.  Abont 
1  gnm  of  this  pore  ■odinm  carbonate  ia  weighed  with  aocnnoy,  and 
is  introduced  into  the  apparatni  through  the  opening  (d).  The  recep- 
tacle (hi  is  then  nearly  filled  with  snlphnrio  add,  which  baa  been 
dilated  with  five  Unwa  ita  Tolwne  of  water,  and  tbe  receptacle  (e)  fa 
half  filled  with  atrong  sulphnric  add.  Tbe  apparatus  is  then  acctuately 
weighed. 

The  dilute  acid  in  (t)  is  now  allowed  to  flow  slowly  into  (a)  by 
Temoring  the  stopper  and  gradoally  turning  tbe  stop-cook.  At  the 
acid  attacks  the  carbonate,  bnbblea  of  gaa  will  be  seen  pasting  through 
the  strong  add  In  («).  The  apeed  at  wbioh  thsae  bnbUes  pass  most  be 
so  f^ulated,  by  atijDsting  the  flow  of  the  dilute  add,  that  they  can 
be  eaaily  ooanted.  If  they  pass  more  rapidly  than  this,  the  gaa  will 
not  be  perfectly  dried. 

As  aooD  as  all  the  dilnta  add  baa  run  into  tbe  flask,  and  the 
babbles  of  gM  do  looger  eacapa,  the  apparatus  ia  placed  upon  wire- 
game  on  a  tripod  stand  OTer  a  nnall  Buoeeu-flame.  At  the  same 
time  the  aspirator  {141)  ia  attached  by  a  piece  of  rubber  tubing 
to  the  eiit-tabe  of  (<},  and  a  gentle  current  of  air  is  drawn  through 
the  flaak,  Ths  liquid  In  the  flask  is  heated  jvl  t\ort  of  boiling, 
until  a  Tolame  of  air,  aqual  to 
about  three  tlmee  the  capacity 
of  the  flaak  and  tubes,  hat  been 
drawn  through  them.  The  flaak  ia 
then  allowed  to  cool,  and  Is  flnally 
weighed.  Ths  loss  of  weight  which 
It  bat  snffhrad  girsa  the  weight  of 
cartioD  dioxide  in  the  aodinm  car- 
bonate need. 

This  method  ia  not  suitable  for 
very  aocnimta  antlyiea,  as  the  ratnlta 
are  usually  too  high.  The  error  ia 
due  to  loaa  of  water  from  ths  appa- 
ratni daring  the  heating  and  a^- 


DteompowMon  by  DiluU  Hydro- 
dUorfe  .^lAt— Kohn's  modification 
(fig.  SS)  of  the  Schrbtter  apparatus 
should  be  nied  when  the  carbonate 

ta  acted  upon  by  dilate  hydrochloric  add  instead  of  by  Bulphorio  sdd. 
The  apparatu*  generally  correapondB  to  that  shown  in  fig.  01,  bat  the 
upper  part  of  the  drying-chamber  («)  is  cooneotod  by  a  ground  jdnt 
with  a  tube  (A),  which  ia  filled  with  ooppar-snlphate-pumice  (14a),  the 
I 
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pnxnioe  being  kept  in  its  place  by  plugs  of  glass-wool  above  and  below. 
The  small  exit-tube  (n)  is  ground  into  this  abeorption-tube  below,  and 
is  greased  or  wired  so  as  to  make  it  keep  its  seat. 

The  absorption-tube  may  be  turned  round  in  the  ground  socket  of 
the  drying-chamber.  The  exit-tube  can  thus  be  brought  into  a  con- 
venient position  for  being  connected  with  the  aspirator,  while  the  flask 
is  being  heated.  When  the  tube  is  in  the  position  shown  in  the  figure, 
the  whole  apparatus  is  compact  and  will  be  stable  on  the  scale-pan. 

By  the  addition  of  this  absorption-tube  the  apparatus  yields  results 
with  hydrochloric  acid  which  are  as  satisfactory  as  those  usually 
obtained  with  sulphuric  acid. 

148.  A  Simple  Form  of  Apparatus,  which  may  be  fitted  from 
materials  which  are  available  in  any  laboratory,  is  shown  in  fig.  68. 

It  consists  of  a  light  four-ounce  flask  with  a  short  wide  neck.  A 
short  doubly-perforated  rubber  stopper  is  fitted  into  the  neck,  and 
carries  a  tube,  AA,  which  passes  nearly  to  the  bottom  of  the  flask, 
and  a  small  calcium  chloride  drying-tube,  G.    The  external  ends  ot 

these  tubes  are  fitted  with  short  pieces 
of  rubber  tubing,  which  are  dosed  with 
small  rounded  glass  rods. 

The  dilute  acid  required  for  decom- 
posing the  carbonate  is  contained  in  a 
short  tube,  £,  the  length  of  which  must 
be  so  adjusted  that  it  stands  obliquely 
in  the  flask  without  touching  the  stop- 
per and  without  slipping  into  a  hori- 
zontal position. 

The  procedure  with  this  apparatus 
differs  from  that  with  the  preceding 
apparatus  (147)  in  several  details. 

As  soon  as  all  is  ready  for  the  de- 
composition, and  the  whole  apparatus 
has  been  weighed  without  the  caps,  the 
cap  is  restored  to  the  tube  AA,  and  the  add  is  caused  to  flow  dowly 
upon  the  carbonate  by  tilting  the  flask,  so  as  to  cause  a  gradual  evolu- 
tion of  the  GOg.  When  all  the  add  has  been  poured  from  the  tube  and 
the  effervescence  has  ceased,  the  flask  is  warmed,  and  finally  the  cap  of 
the  tube  AA  is  removed,  and  a  slow  stream  of  air  is  diawn  by  the 
aspirator  (141)  through  the  flask  and  drying-tube  to  displace  the  GO^. 
The  caps  are  then  restored  ;  and  the  apparatus  is  weighed  again,  with- 
out the  caps,  as  soon  as  it  is  cold. 

Jf  dilute  SydroMorU  Add  is  used  for  the  decomposition  of  the 
carbonate,  the  bulb  of  the  absorption -tube  (c)  must  be  filled  with  dried 
copper-sulphate  pumice  (142)  in  order  to  prevent  loss  of  HGl  fh>m  the 
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apparatus.    The  cylindrical  part  of  this  ahsorptiontabe  contains  solid 
calcium  chloride. 

149.  EBtmiation  of  Carbon  Dioxide  by  measuring  the 
Volume  of  Gas  evolved  by  the  action  of  an  Add  npon  the 
Carbonate. — The  description  of  this  method  vrill  he  found 
in  paragraph  722. 

A  Volumetrio  Method  for  estimating  CO,  in  air  is  given  in  pars. 
729-732. 


A  Mkthod  Foa  the  Estimation  of  C2O4  in  an  Ozalatk. 

150.  The  Oxalate  ii  mixed  with  Manganese  Dioxide,  and  the 
mixture  is  heated  with  Sulphuric  Add.  The  00,  evolyed  is 
absorfoed  by  SodA-lime  and  weighed.  The  weight  of  the  00, 
evolved  is  equal  to  that  of  the  Ofi^  in  the  oxalate. 

The  following  equation  represents  the  reaction : — 

HsCaO^  +  MnOs + H^O, = 2G0,  +  2  H9O  +  MnSO|. 

It  must  be  remembered  that  free  oxalic  requires  to  be  neutralised  by 
AmHO  before  it  can  be  estimated  by  this  process. 

The  different  forms  of  apparatus  which  are  used  in  the  estimation 
of  GO,  (figs.  59,  01,  63),  may  be  used  for  this  determination. 

Weigh  out  accurately  about  0*6  gram  of  finely-powdered  pure 
ammonium  oxalate,  (NH4)gG,04.H20,  and  intimately  mix  it  with 
about  three  times  its  weight  of  finely-powdered  manganese  dioxide, 
which  must  be  free  from  carbonate.     (See  Note  below. ) 

Introduce  this  mixture  into  the  decomposition  flask.  Add  to  it 
dilute  sulphuric  acid,  and  conduct  the  operation  exactly  as  has  been 
described  above  (140-148),  starting  the  decomposition  by  heating  the 
flask.  The  weight  of  the  CO,  evolved  gives  the  amount  of  G2O4  in  the 
oxalate  taken,  and  from  this  the  percentage  of  oxalate  may  be  calculated. 

lfcU.—1bo  manganeie  dioxide  which  Is  vied  In  this  etttmation  miut  be  car»> 
fully  tested  for  traoet  of  carbonate.  If  any  carbonate  is  found,  the  oxide  should 
be  finely  powdered  and  heated  for  about  fifteen  minutes  with  a  litUe  veiy  dilute 
solphnrio  add.    The  oxide  is  then  washed  free  from  add,  and  dried. 

A  YdmBetrio  Method  for  the  estimation  of  an  oxalate  is  given  in  par.  S70, 
and  another  GrariiBetrie  KeOod  is  giTen  in  par.  iia. 
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Estimation  op  Water,  present  in  the  Free  or 

Combined  State. 

151.  Three  methods  are  described  below  for  estimating  the 
water  adhering  to,  or  chemically  combined  with  a  substance. 

The  first  and  second  methods  (152,  153)  are  applicable  to 
substances  which  lose  all  their  water,  but  undergo  no  further 
change  in  composition,  when  they  are  heated.  The  water 
may  be  estimated  in  such  cases  by  the  loss  of  weight  which 
the  substance  suffers  when  it  is  heated  to  a  suitable  tem- 
perature. 

The  third  method  (154)  is  generally  applicable  to  all  sub- 
stances. But  it  is  necessarily  resorted  to  for  substances  which, 
when  they  are  heated,  not  only  part  with  their  water,  but 
also  undergo  further  chemical  change  which  is  attended  with 
alteration  in  weight. 

Instances  of  such  substances  are  furnished  by  ferrous 
hydrate  and  ferrous  carbonate,  which  increase  in  weight  by 
oxidation  when  they  are  heated  in  the  air ;  the  latter  under- 
goes change  of  weight  also  by  loss  of  GO^,  an  effect  often  pro- 
duced by  heating  a  carbonata  The  water,  which  is  evolved 
when  such  substances  are  heated,  must  be  absorbed  by  a 
weighed  desiccating  agent,  and  must  be  estimated  by  the 
increase  of  weight  which  the  absorbent  undergoes  by  taking 
up  the  water. 

152.  The  Subfitance  is  dried  by  Heating  it  in  a  Steam- 
oven,  and  the  loss  of  weight  is  estimated. 

This  Method  is  applicable  to  subetaaces  which,  when 
heated  to  100^  C,  lose  their  Moisture  without  under- 
going further  chemical  change. 

Weigh  out  accurately  about  2  grams  of  crystallised  oxalic 
acid,  H2C2O4.2H2O,  between  the  weighed  pair  of  watch- 
glasses  with  clip  (fig.  8,  p.  12).  Then  remove  the  upper 
glass  and  clip,  and  heat  the  lower  glass  containing  the  sub- 
stance for  about  two  hours  in  the  steam-oven.     Keplace 
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the  upper  glass  and  the  clip,  and  weigh  the  glasses  with 
their  contents,  after  they  have  cooled  in  the  desiccator. 

Bepeat  the  above  processes  of  heating,  cooling,  and  weigh- 
ing, until  two  successive  weighings  give  the  same  result. 
The  water,  which  can  be  expelled  at  100*,  is  then  known  to 
be  completely  removed ;  and  its  percentage  amount  may  be 
calculated  from  the  loss  of  weight  which  is  suffered  by  the 
substance  taken. 

Z53.  The  Substance  is  dried  by  Igniting  it,  and  the  loss 
of  weight  is  estimated. 

This  Mefhod  is  applicable  to  substances  which  lose  aU 
their  Water  at  a  temperature  above  100*  C,  without 
suffering  further  chemical  change. 

This  method  is  generaUy  to  be  preferred  to  any  other,  on 
account  of  the  rapidity  with  which  it  may  be  carried  out. 

Weigh  out  accurately  about  3  grams  of  finely-powdered 
pure  recrystallised  barium  chloride,  BaCl2.2H20,  into  a 
platinum  crucible  of  known  weight.  Heat  the  covered 
crucible  graduaUy  over  a  small  Bunsen-flame,  slowly  raising 
the  temperature  until  the  bottom  of  the  crucible  is  at  a  duU- 
red  heat.  Remove  the  lid  and  keep  the  crucible  at  this 
temperature  for  at  least  fifteen  minutes;  then  allow  it  to 
cool  in  the  desiccator,  and  weigh  it. 

Bepeat  the  above  processes,  heating  for  five  minutes  only, 
until  two  consecutive  weighings  are  identical  The  water, 
which  can  be  removed  by  ignition,  is  then  known  to  have 
been  expelled ;  and  its  percentage  amount  may  be  calculated 
from  the  loss  of  weight  which  has  been  caused  by  heating 
the  weighed  substance. 

Note. — In  some  cases  the  temperature  of  drying  mast  be  carefolly 
regulated  in  order  to  avoid  decomposition  of  the  substance.  An  in- 
stance is  given  in  paragraph  86. 

154.  The  Substance  is  Heated  to  a  suitable  tempera- 
ture,  and  the  Water- vapour  is  conveyed  by  a  stream  of 
gas  into  an  Absorbent  Substance,  and  weighed. 
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This  Method  is  applicable  to  Bahstanceg  which  lose 
their  vater  vhen  they  are  heated,  hi^t  which  also  undergo 
farther  change  of  we^ht  during  the  proceaa,  which  is  due 
to  some  other  "hnmiiHti  cli&nge. 

Gmerai  Degeriptvm  of  the  Process. — The  process  will  be 
uaderstood  hy  reference  to  fig.  64,  The  weighed  aabetanca 
is  heated  in  a  balb-tube  (a),  which  is  connected  at  each  end 
with  a  U-tube  charged  with  a  desiccating  ^ent,  preferably 
calcium  chloride.  The  U-tube  (e)  is  connected  with  a  amall 
washing-bottle  containii^  etrong  solphurio  acid. 

The  air  enten  throngh  the  tube  (b),  passes  over  the  sub- 
stance in  the  bulb-tube,  and  leaves  the  apparatos  after  passing 
through  the  U-tube  (c)  and  the  wash-bottle.  The  air  may  be 
drawn  Uirough  the  apparatus  by  attaching  an  aspirator  (141) 
to  the  wash-bottle  connected  with  the  tube  (e).  Or  air  may 
be  driven  through  the  apparatus  from  a  gas-holder  which  is 
connected  with  the  tube  (&). 

Detailed  Description  of  the  Apparatus. — A  hard  glass 
tnbe,  of  about  f  inch  bore  and  6  inches  in  length,  has  a  bulb 
about  1^  inches  in  diameter  blown  in  its  middle  (a,  fig.  6i). 


The  sharp  edges  of  the  ends  of  this  tube  are  rounded  by 
being  held  for  a  short  time  in  the  blowpipe-flame. 

Two  sound  corks  are  softened  by  pressure,  and  are  fitted 
air-tight  into  the  ends  of  the  bulb-tube ;  they  are  then  per- 
forated to  recuve  the  side-tubes  of  two  U -tubes. 

The  U-tubee  are  filled  nearly  to  the  level  of  their  side- 
tubea  with  granulated  calcium  chloride ;  cotton-wool  or 
glass-wool  plugs  are  then  pushed  into  each  limb,  and  the 
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open  ends  are  finally  closed  with  sound  corks,  which  are  cut 
off  level  with  the  glass,  and  are  then  brushed  over  with  melted 
paraffin  wax.  A  full  description  of  the  fitting  of  the  U -tubes 
and  of  the  preparation  of  the  calcium  chloride  will  be  found 
in  pars.  142,  143.  If  the  plain  unstoppered  U-tubes,  shown 
In  fig.  64,  are  used,  the  side-tubes  are  then  provided  with  little 
caps,  made  of  rubber  tubes  closed  with  a  piece  of  glass  rod ; 
and  these  are  only  removed  while  the  tube  is  in  use,  or  while 
it  is  being  weighed. 

When  a  high  temperature  is  to  be  applied  to  the  bulb  by 
a  flame,  discs  of  metal  or  of  asbestos  millboard  should  be 
slipped  upon  the  bulb-tube,  in  the  positions  shown  by  the 
dotted  lines  in  the  figure,  in  order  to  shield  the  corks  and 
prevent  them  from  being  scorched. 

After  the  separate  parts  have  been  fitted  together,  the 
whole  apparatus  must  be  tested  to  ascertain  if  it  is  air-tight. 
For  this  purpose  a  short  piece  of  rubber  tube,  carrying  a 
screw-clamp,  is  pushed  upon  the  free  side-tube  of  tube  (b), 
and  by  careful  suction  the  sulphuric  acid  is  raised  several 
inches  in  the  tube  of  the  wash-bottle  attached  to  (e).  The 
rubber  tube  is  then  closed  by  tightening  the  screw-clamp.  If 
the  level  of  the  acid  does  not  fall  in  about  ten  minutes,  the 
apparatus  may  be  considered  to  be  air-tight. 

The  Process  is  Carried  out  as  follows: — ^The  U-tube  (c)  is 
detached  and  is  accurately  weighed.  The  perfectly  clean 
and  dry  bulb-tube  (a)  is  then  weighed. 

About  3  grams  of  the  finely  -  powdered  substance, 
(BaC1^2H20),  are  placed  near  the  end  of  a  little  trough 
of  stiff  glazed  paper,  which  will  easily  sHp  into  the  bulb- 
tube.  This  paper  is  pushed  into  the  tube  until  the  powder 
is  within  the  bulb,  and  by  rotating  the  bulb-tube  or  the 
trough  on  a  horizontal  axis  the  whole  of  the  powder  is  de- 
posited in  the  bulb.  The  paper  trough  is  then  removed,  and 
the  bulb  is  weighed  again.  Its  gain  in  weight  represents  the 
weight  of  salt  taken. 

The  apparatus  is  then  fitted  together  again,  and  may  be 
once  more  tested  to  see  that  it  is  air-tight. 
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An  aspirator  (141)  is  then  attached  by  rubber  tubing  to 
the  wash-bottle  connected  with  the  tube  (c),  and  a  slow  stream 
of  air  is  drawn  through  the  apparatus,  by  adjusting  the  flow 
of  water  from  the  aspirator.  The  air  must  pass  through 
the  add  in  the  wash-bottle  at  such  a  rate  that  the  separate 
bubbles  can  be  easily  counted. 

By  this  arrangement  the  air  is  dried  by  the  calcium 
chloride  in  the  tube  (b)  before  it  passes  into  the  bulb-tube. 
It  then  passes  through  the  bulb-tube,  and  carries  the  water- 
vapour,  which  is  expelled  from  the  substance  by  heat,  into 
the  calcium  chloride  of  the  weighed  U-tube  (c).  The  wash- 
bottle  guards  the  weighed  U-tube  from  gaining  weight  by 
absorbing  moisture,  which  might  diffuse  backwards  from 
the  aspirator.  This  bottle  also  serves  as  a  gauge  to  measure 
the  rate  at  which  the  air  current  passes. 

When  the  water  is  to  be  expelled  from  tlie  snbstance  at  a  known 
temperature,  it  is  necessary  to  have  the  bulb-tnbe  (a)  either  surrounded 
with  an  air-bath  made  of  asbestos  cardboard,  or  bent  in  such  a  way  that 
the  bulb  can  be  immersed  in  a  hot  liquid.  The  water  or  other  liquid 
is  heated  to  the  requisite  temperature,  which  is  shown  by  a  ther- 
mometer dipping  into  it. 

In  the  present  example  the  bulb-tube  may  be  gradually 
heated  by  a  small  Bunsen-flame,  as  soon  as  the  air-current 
through  the  apparatus  has  been  adjusted.  The  flame  should 
be  surrounded  by  the  conical  filter  drier  (fig.  45,  p.  59),  in 
order  to  prevent  the  absorption-tubes  from  being  heated,  and 
the  corks  and  U-tubes  may  be  further  shielded  by  means  of 
metal  discs,  as  has  been  abeady  described. 

The  temperature  of  the  bulb  is  slowly  raised  until  it 
reaches  dull  redness,  and  the  salt  is  heated  in  the  air-current 
until  no  small  drops  of  water  remain  on  the  cool  part  of  the 
bulb-tube.  The  weighed  U-tube  (c)  is  then  detached  and 
reweighed,  and  from  its  gain  in  weight  the  amount  of  water 
in  the  weighed  salt  is  ascertained. 

From  this  result  the  percentage  weight  of  water  in  crystal- 
lised barium  chloride  may  therefore  be  calculated* 
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Estimation  op  Cadmium  in  its  Solublb  Compounds. 

Z55.  The  Oadmium  is  precipitated  as  Sulphide,  OdS, 
and  IB  weighed  as  such. 

Weigh  out  accurately  about  1  gram  of  pure  recrystal- 
lised  cadmium  sulphate,  CdS04.4H20.  Dissolve  it  in  about 
250  c.c.  of  water,  and  add  a  few  drops  of  dilute  HCl.  Pass 
hydrogen  sulphide  (794)  into  this  solution,  until  the  liquid 
smells  strongly  of  the  gas. 

Filter  off  the  CdS  upon  a  weighed  filter  (6z),  and  make 
certain  that  all  the  cadmium  has  been  precipitated,  by  dilut- 
ing a  portion  of  the  filtrate  and  passing  H^S  through  it  again. 
If  no  further  precipitation  occurs,  wash  the  precipitate  first 
with  dilute  hydrogen  sulphide  solution  mixed  with  a  little 
HCl,  and  finally  with  pure  water.  Dry  the  filter  containing 
the  precipitate  in  the  steam-oven,  and  weigh  it  after  referring 
to  par.  156. 

From  the  weight  of  CdS  obtained,  the  percentage  of 
cadmium  may  then  be  calculated. 

156.  This  Precipitate  frequently  contaiiis  Free  Sulphur.  In  «oeu- 
rate  determinAtions,  the  dried  precipitate  should  therefore  be  repeatedly 
washed  with  recently  distilled  carbon  disulphide,  as  long  as  any  residue 
is  left  when  a  few  drops  of  the  washings  are  evaporated  upon  a  watch- 
glass.  The  precipitate  is  now  again  dried  and  weighed.  Any  loss 
which  it  has  undergone  by  being  washed  will  be  due  to  the  remoyal  of 
free  sulphur. 


Estimation  op  Antimont  in  its  Solutions. 

The  Antimony  is  precipitated  as  Sulphide,  8\S^  and  is 
weighed  either  as  such  (157),  or  as  the  oxide,  Sb^O^  (160). 

Note, — If  the  quantity  of  antimony  present  is  small,  it  should  be 
weighed  as  9h|04,  as  is  directed  in  par.  160. 

157.  Precipitation  as  Sulphide,  8^83,  and  Estimation 
as   such. — About    0*6  gram  of    anhydrous    tartar  emetic. 
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K(SbO)04H40fl  (82,  Exp.  26),  is  accurately  weighed.  This 
is  dissolyed  in  about  200  c.c.  of  distilled  water,  and  a  mode- 
rate quantity  of  tartaric  acid  solution,  together  with  a  few 
drops  of  dilute  hydrochloric  acid,  are  added.  If  an  insuffi- 
cient quantity  of  tartaric  acid  is  added,  the  antimony  will 
be  precipitated  on  the  addition  of  the  HCl  or  on  dilution. 

The  clear  liquid  is  transferred  to  an  18-oz.  flask,  which  is 
fitted  with  a  doubly  perforated  rubber  cork.  Through  one  of 
the  holes  in  the  cork  a  glass  tube  bent  at  right  angles  passes, 
and  reaches  nearly  to  the  bottom  of  the  flask.  Through  the 
other  hole  a  second  tube  is  passed,  one  end  of  which  terminates 
just  below  the  cork,  the  other  end  being  slightly  contracted 
so  as  to  hinder  the  diffusion  of  air  into  the  flask. 

A  gentle  stream  of  hydrogen  sulphide  gas  (794)  ^  passed 
through  the  longer  tube  into  the  liquid,  until  the  liquid  is 
saturated  with  the  gas.  The  flask  is  then  set  aside  for  some 
hours  in  a  warm  place,  to  insure  complete  precipitation. 

Carbon  dioxide  gas  is  next  passed  through  the  liquid  until 
the  excess  of  H^S  is  removed.  During  the  passage  of  the 
CO2,  the  liquid  is  gradually  heated  to  boiling;  this  assists 
the  removal  of  the  H^S,  and  renders  the  precipitate  more 
dense  and  therefore  more  easy  to  wash« 

The  liquid  and  precipitate  are  poured  upon  a  tared  filter, 
which  has  been  dried  at  lOO""  (61).  The  filtration  is  has- 
tened by  means  of  the  filter  pump,  and  the  precipitate  is 
washed  rapidly  with  hot  water,  to  which  a  little  hydrogen 
sulphide  solution  has  been  added.  During  the  washing,  the 
precipitate  is  protected  against  oxidation  by  the  air,  by 
covering  the  funnel  with  a  round  glass  plate. 

In  order  to  ascertain  whether  the  precipitation  of  the 
antimony  as  sulphide  is  complete,  HgS  is  passed  into  the 
filtrate  and  washings,  and  the  liquid  is  then  warmed  and 
allowed  to  stand.  If  any  further  precipitate  forms,  it  is 
added  to  the  main  portion  already  on  the  filter. 

When  the  precipitation  and  washing  are  complete,  the 
precipitate  is  dried  in  the  steam-oven  until  its  weight 
becomes  constant. 
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The  precipitate  will  still  contain  water,  and  possibly  free 
solphur.  A  small  quantity  of  the  precipitate  is  heated  with 
strong  hydrochloric  acid.  If  it  dissolves  to  a  clear  liquid, 
no  free  sulphur  is  present^  and  the  directions  given  in  par. 
158  may  be  followed.  If  the  acid  solution  is  turbid,  free 
sulphur  is  present,  and  the  precipitate  must  be  treated  as  is 
directed  in  par.  159. 

158.  In  order  to  Remove  the  Water,  the  greater  part  of  the 
dried  precipitate  is  weighed  in  a  tared  porcelain  boat.  The 
boat  is  then  introduced  into  a  piece  of  combustion-tube  about 
9  inches  in  length,  and  a  current  of  dry  carbon  dioxide  gas 
(794)  is  passed  over  it.  The  boat  is  meanwhile  gently  heated 
with  a  Bunsen-flame,  until  the  sulphide  becomes  black.  The 
boat  is  then  allowed  to  cool  in  the  current  of  gas,  and  is 
finally  weighed. 

From  the  weight  of  the  anhydrous  SbjSg  found  in  this 
part  of  the  precipitate,  the  amount  of  the  sulphide  in  the 
entire  original  precipitate  is  then  calculated,  and  from  this 
result  the  percentage  of  antimony  present  can  be  ascertained. 

159.  In  order  to  Remove  the  Sulphur  as  well  as  the  Waier^ 
the  precipitate  is  treated  in  the  same  maimer  as  is  described 
above  (158),  but  the  boat  is  heated  to  a  higher  temperature, 
and  the  heating  is  continued  until  no  more  sulphur  is 
volatilised. 

The  residue  thus  obtained  consists  of  pure  anhydrous 
SbjSg,  from  which  the  percentage  of  antimony  in  the  original 
substance  can  be  calculated. 

160.  PFecipitation  as  Sulphide,  Sb^Sg,  followed  by 
convendon  into  Oxide,  Sb^O^  and  Estimation  as  such. 
— The  antimony  compound  is  precipitated  in  the  form  of 
sulphide,  according  to  the  directions  which  have  been  already 
given  (157)*  ^^^  sulphide  is  filtered  off  on  a  filter-paper 
which  has  been  previously  dried  in  the  steam-oven  and 
weighed  (61}.     After  the  precipitate  has  been  thoroughly 
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washed,  it  is  dried  on  the  tared  filter  and  weighed.  The 
weight  of  the  whole  precipitate  is  thus  obtained. 

The  precipitate  is  then  transferred  as  completely  as  pos- 
sible to  a  large  weighed  porcelain  crucible,  and  the  weight 
thus  transferred  is  ascertained  by  again  weighing  the  crucible. 
The  precipitate  is  then  moistened  with  several  drops  of  strong 
nitric  acid  (sp.  gr.  1*42):  the  crucible  is  covered  with  a 
watch-glass,  and  a  quantity  of  fuming  nitric  acid  (sp.  gr.  1*5), 
sufficient  to  cover  the  precipitate,  is  quickly  added  from  a 
pipette.  For  this  purpose  the  cover  is  merely  slipped  aside 
to  admit  the  point  of  the  pipette,  since  violent  oxidation  and 
frothing  at  once  sets  in. 

The  covered  crucible  is  heated  on  the  water-bath,  as  long 
as  any  further  chemical  action  occurs.  The  cover  is  then 
removed,  and  the  acid  is  evaporated  by  heating  the  crucible  on 
the  water-bath.  The  cover  is  then  replaced,  and  the  crucible 
is  finally  heated  over  the  Bunsen-flame  until  its  weight  is 
constant. 

From  the  weight  of  SbjO^  thus  found,  the  weight  of 
SbjO^  corresponding  to  the  whole  of  the  sulphide  precipi- 
tate is  calculated,  and  from  this  the  percentage  of  antimony 
is  obtained. 

If  the  antimony  sulphide  contains  much  free  sulphur,  this  must  first 
be  removed  from  the  dried  precipitate  by  means  of  carbon  disulphide 
(156)  before  the  treatment  with  nitric  acid  is  carried  out,  else  the  action 
of  the  acid  is  so  violent  as  to  give  rise  to  loss  of  substance. 

It  will  sometimes  happen  that  the  amount  of  antimony  sulphide  on 
the  filter  is  too  small  to  be  transferred  to  the  crucible.  If  this  is  the 
case,  the  dried  filter  and  precipitate  are  treated  together  in  the  crucible 
with  about  ten  times  their  weight  of  the  strong  acid.  The  procedure 
is  the  same  as  that  already  described.  In  calculating  the  result,  the 
filter-ash  must  be  deducted  from  the  weight  of  Sb204  obtained. 

A  Volumetrio  Method  for  estimating  antimony  is  given  in  par.  28z. 
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Estimation  of  Abbbnio  in  Solutions  containing  this 
Elbmbnt  in  thb  Absbnious  Condition. 

Two  methods  of  estimation  are  described  below. 

According  to  the  first  method,  the  arsenic  is  precipitated 
as  AsgSg  and  is  weighed  as  such  (l6l). 

According  to  the  second  method,  the  arsenic  is  precipitated 
as  Mg(NHJAs04.6H20 ;  this  is  converted  into  Mg^ABjO,  by 
ignition,  and  the  arsenic  is  weighed  in  this  form  (162). 

l6z.  The  Arsenic  is  precipitated  as  Anenions  Sulphide, 
ASjSg,  and  is  weighed  as  snch. 

Weigh  out  accurately  about  0*6  gram  of  pure  resublimed 
arsenious  oxide  (83,  Exp.  28).  Place  the  substance  in  an 
18-oz.  flask,  and  add  about  50  c.c.  of  dilute  hydrochloric 
add.  Heat  the  flask  on  a  water-bath  until  all  the  solid  is 
dissolved,  care  being  taken  that  the  temperature  of  the  solu- 
tion does  not  reach  100**  C,  else  some  of  the  arsenic  will  be 
volatilised  as  chloride. 

If  any  Ab^Os  is  present,  a  few  drops  of  salphnrons  acid  solution  are 
added  in  oider  to  convert  the  AsjOg  into  Aafi^,  and  the  flask  is  heated 
on  the  water-bath  until  all  smell  of  SO]  has  disappeared. 

The  liquid  is  then  considerably  diluted,  and  the  arsenic 
is  precipitated  as  As^Sg,  by  passing  hydrogen  sulphide  gas 
through  the  solution  in  precisely  the  same  maimer  as  was 
described  for  antimony  (Z57). 

Carbon  dioxide  gas  is  then  passed  through  the  solution 
(157)9  ^^^  the  smell  of  H^S  has  almost  disappeared.  This 
tedious  operation  may  be  omitted,  if  great  care  is  taken  that 
the  precipitate  is  kept  covered,  and  is  exposed  as  little  as 
possible  to  the  air  during  filtration. 

The  liquid  is  poured  through  a  tared  double  filter  which 
has  been  dried  at  100**  C,  and  the  precipitate  is  washed  with 
hot  water  containing  a  little  HjS,  until  it  is  free  from  hydro- 
chloric acid. 

The  filtrate  and  washings  are  tested   by  saturating  the 
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liquid  with  H^S  gas  and  allowing  it  to  stand  in  order  to 
make  sure  that  all  the  As  has  been  precipitated. 

The  precipitate  is  then  dried  at  100"*  G.  in  the  steam-oven 
until  the  weight  becomes  constant 

Since  the  precipitate  may  still  contain  a  little  free  sulphur, 
it  should  be  treated  with  carbon  disulphide  (156).  After 
this  treatment  the  precipitate  is  again  dried  at  100**,  and  is 
finally  weighed. 

From  the  weight  of  AS2S3  thus  obtained,  the  percentage 
of  arsenic  is  calculated. 

162.  The  Arsenic  in  the  Arsemous  compound  is  con- 
verted into  Arsenic  add;  this  is  precipitated  as  Mag- 
nesium Ammonium  Arsenate,  Mg(NH^)As0^.6H20  (134), 
which  is  then  converted  by  ignition  into  Magnesium 
Pyrarsenate,  Mg^As^OT,  and  is  weighed  as  such. 

Add  strong  HCl  to  the  arsenious  solution,  heat  gently,  and 
drop  in  from  time  to  time  a  crystal  of  potassium  chlorate  until 
the  liquid  smells  strongly  of  chlorine.  Allow  the  liquid  to 
stand  in  a  warm  place  until  the  smell  of  chlorine  has  nearly 
disappeared.     The  arsenic  is  now  converted  into  arsenic  acid. 

Make  the  solution  alkaline  by  the  addition  of  ammonium 
hydrate,  and  completely  precipitate  the  arsenic  by  magnesia 
mixture  (132).  Ignite  the  precipitate  in  oxygen  (134),  and 
weigh  it  as  magnesium  pyrarsenate. 

From  the  weight  of  Mg^AsgO^  thus  obtained  the  per- 
centage of  As  which  was  originaUy  present  may  be  calcu- 
lated. 

A  Volumetric  Method  for  estimating  arsenio  is  given  in  par.  282. 


EsTiHATioN  OP  Tin  in  a  Stannous  or  Stannic 
Compound,  and  op  Metallic  Tin. 

163.  The  Tin  is  precipitated  from  solution  as  Sulphide; 
this  is  converted  by  ignition  in  the  air  into  the  Dioxide, 
^nOg,  and  is  weighed  as  such. 
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Weigh  out  accurately  about  1  gram  of  pure  crystallised 
stannous  chloride,  SnCl2.2H20,  which  has  been  kept  in  a 
well-stoppered  bottle.  Place  the  salt  in  an  18-oz.  beaker,  dis- 
solve it  in  a  small  quantity  of  dilute  hydrochloric  acid,  and 
make  up  the  solution  with  distilled  water  to  about  200  c.c. 

Through  this  solution  pass  H^S  gas  to  saturation.  Coyer 
the  beaker  loosely  with  a  filter-paper,  and  allow  it  to  stand 
in  a  warm  place  until  the  smell  of  hydrogen  sulphide  has 
almost  disappeared.  Transfer  the  precipitate  to  a  double 
filter,  wash  it  until  it  is  free  from  dissolved  salts,  and  then 
dry  and  ignite  it. 

Since  tin  alloys  with  platinum,  a  porcelain  Grucible  should  . 
be  used,  and  one  of  the  methods  described  in  pars.  74-78 
should  be  chosen  for  the  ignition  of  the  precipitate  and  tjie 
incineration  of  the  filter. 

Incinerate  the  filter-paper  apart  from  the  precipitate. 
Moisten  the  filter-ash  with  two  drope  of  strong  nitric  acid, 
heat  gently  until  the  excess  of  acid  has  been  expelled,  and 
then  raise  the  temperature  to  a  red  heat.  Allow  the  crucible 
to  cool ;  then  add  the  precipitate,  cover  the  crucible  with  the 
lid,  and  heat  it  gently  for  some  time.  Then  remove  the  lid, 
and  heat  gently  until  the  smell  of  escaping  sulphur  dioxide  is 
no  longer  perceptible,  and  finish  by  heating  to  bright  redness 
over  the  blowpipe-flame. 

In  order  to  insure  the  complete  removal  of  the  sulphur 
allow  the  crucible  to  cool,  add  a  Httle  powdered  ammonium 
carbonate,  and  heat  again  strongly.  Repeat  these  operations 
until  the  weight  remains  constant. 

From  the  weight  of  SnOj  thus  obtained,  the  percentage  of 
tin  in  the  original  substance  is  calculated. 

A  Volimietrio  Method  for  eatimsting  stannouB  chloride  is  given  in 
par.  285. 

164.  Metallic  Tin  is  converted  into  Dioxide,  SnO^, 
directly,  by  heating  the  Metal  with  Nitric  Add  and 
igniting  the  product. 

The  tin  is  oxidised  by  heating  it  with  moderately  strong 
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nitric  acid.  Hydrochloric  acid  must  not  be  present,  else 
some  tin  chloride  will  be  formed  and  volatilised.  As  soon  as 
all  action  has  ceased,  the  solution  is  evaporated  nearly  to 
dryness  on  the  water-bath.  The  residue  is  then  diluted  with 
water,  and  the  white  SnO,  is  filtered  off,  washed,  and  dried. 
The  filter-paper  is  incinerated  separately  and  the  ash  is 
treated  with  strong  nitric  acid  as  is  directed  above  (163). 
The  SnOj  is  then  added  to  the  filter-ash  in  the  crucible; 
and  the  whole  is  finally  ignited  over  the  blowpipe  until  the 
weight  is  constant. 


Estimation  op  Mhrcuby  in  its  Compounds. 

Two  methods  of  estimation  are  given. 

By  the  first  the  mercury  may  be  separated  from  a  solid 
substance  and  weighed  as  metal  (z65}* 

The  second  method  proceeds  by  precipitating  the  mercury 
as  sulphide,  and  weighing  the  sulphide  (166).  It  serves  for 
estimating  mercury  in  the  solution  of  a  mercury  compound, 
and  for  the  separation  of  mercury  from  metals  which  are 
not  precipitated  from  solution  by  hydrogen  sulphide. 

165.  The  Mercury  Gomponnd  is  deoompoBed  by  heating 
it  with  Galdum  Oxide,  the  escaping  Mercury  vapour  is 
oondemied,  and  is  weig^ied  as  metallic  mercury. 

Note,— This  process  is  not  applicable  to  mercuric  iodide,  which  most 
be  decomposed  by  heating  it  with  metallic  copper  instead  of  with  lime. 

The  process  of  estimation  is  conducted  in  the  apparatus 
which  is  represented  in  fig.  65. 

A  piece  of  combustion-tube,  about  f  inch  in  internal  dia- 
meter and  about  18  inches  in  length,  is  closed  by  drawing  it 
off  at  one  end  (a)  in  the  blowpipe-flame. 

Powdered  magnesite  is  introduced  into  the  clean,  dry 
tube  in  quantity  sufficient  to  form  a  layer  2  inches  in 
length  {a-h). 

About  1  gram  of  pure  mercuric  chloride  is  then  accurately 
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weighed,  and  is  mixed  intimately  with  powdered  quicklime 
in  a  porcelain  mortar.  Tins  mixture  is  introduced  into  the 
tube  (h-e),  and  the  mortar  is  rinsed  out  with  a  little  more 
quicklime,  which  is  also  transferred  to  the  tube  (o-d).  The 
tube  is  then  filled  in  with  powdered  quicklime  to  within 
2  inches  of  its  open  end,  the  powder  being  kept  in  its  place 
by  pushing  in  a  loose  plug  of  asbestos  (e). 

The  open  end  of  the  tube  is  now  drawn  out  in  the  blow- 
pipe-flame, the  narrow  tube  is  bent  obUquely,  and  its  end  is 
cut  off  as  is  shown  in  the  figure.  A  passage  along  the 
whole  length  of  the  tube  is  formed  by  holding  the  tube 

Fio.  66. 
a  9     e      d 
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horizontally,  and  tapping  it  gently  upon  the  bench.  The 
tube  is  then  laid  in  a  combustion-furnace  (643)  upon  an  iron 
trough  covered  with  asbestos,  and  the  end  of  the  bent  tube 
IS  made  to  dip  just  beneath  the  surface  of  water  contained 
in  a  small  weighed  beaker. 

• 

The  front  portion  of  the  tube  (e-d)  is  now  gradually 
heated  to  redness.  The  heat  is  then  slowly  extended  to^ 
that  part  of  the  tube  which  contains  the  mercury  compound, 
and  this  is  heated  until  the  whole  of  the  tube  from  (e)  to  (b) 
is  at  a  bright  red  heat.  In  this  way  the  mercury  is  set  free 
in  the  form  of  yapour,  which  is  condensed  to  the  liquid  form 
as  it  passes  into  the  water  in  the  beaker. 

The  magnesite  in  (a-h)  is  finally  heated  to  redness  so  as 
to  produce  a  stream  of  carbon  dioxide  gas.  This  serves  to 
sweep  out  the  last  traces  of  mercury  vapour  from  the  tube 
into  the  water. 

While  the  tube  is  still  red-hot,  the  narrow  delivery  tube  is 
cut  off  at  the  bend  by  means  of  a  cold  file,  and  the  mercury, 
which  has  condensed  in  this  portion  of  the  tube,  is  washed 
out  and  added  to  the  main  portion  in  the  beaker. 

K 
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The  globules  of  metal  are  now  united  into  one  mass  by 
gently  agitating  the  contents  of  the  beaker.  The  water  is 
then  poured  off  as  far  as  possible,  and  a  further  portion  is 
removed  by  absorbing  it  with  filter-paper. 

The  mercury  is  finally  rendered  perfectly  dry,  by  expos- 
ing it  to  the  desiccating  action  of  strong  sulphuric  acid  under 
a  bell-jar  (fig.  27,  p.  39)  until  its  weight  is  constant. 

The  percentage  of  mercury  present  in  the  original  sub- 
stance may  be  calculated  from  the  weight  of  mercury  f oimd. 

i66.  The  Mercury  is  precipitated  as  Sulphide,  HgS,  and 
is  weighed  as  such. 

Weigh  out  accurately  about  0*5  gram  of  pure  mercuric 
chloride  into  an  8-oz.  beaker.  Dissolve  it  in  about  100  c.c. 
of  water,  add  a  few  drops  of  dilute  hydrochloric  acid,  and 
pass  hydrogen  sulphide  into  the  liquid  until  it  is  saturated. 
The  colour  of  the  mercury  sulphide  precipitate  will  become 
perfectly  black  as  soon  as  the  liquid  is  saturated  with  the  gas. 

Allow  the  liquid  to  stand  for  a  short  time,  until  the 
precipitate  has  subsided,  then  filter  through  a  tared  filter 
(6l).  Wash  the  precipitate  quickly  with  cold  water,  dry 
at  100**  C,  and  weigh  it  in  the  filter. 

The  precipitate  may  contain  free  sulphur.  It  should 
therefore  be  washed  with  recently  distilled  carbon  disul- 
phide  (156).  The  process  of  washing  is  repeated  until  the 
washings  leave  no  residue  when  they  are  evaporated.  The 
precipitate  is  then  dried  at  100**  C.  and  weighed. 

From  the  weight  of  HgS  obtained,  the  percentage  of  Hg 
in  the  original  substance  may  be  calculated. 


Estimation  op  Cobalt  in  Solution. 

167.  The  Gobalt  is  precipitated  as  Hydroxide:  the 
precipitate  is  dried  and  is  then  ignited  in  a  current  of 
Hydrogen  gas,  and  is  weighed  as  metallic  cobalt. 

Weigh  out  accurately  about  1  gram  of  crystallised  cobalt 
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sulphate,*  CioSO^.TH^O,  into  a  porcelam  or  platinum  dish. 
DlBsolye  this  in  about  100  c.c.  of  water,  and  heat  the  solu- 
tion nearly  to  boiling. 

Add  to  the  boiling  liquid  pure  potassium  hydrate  solution 
in  slight  excess^  and  heat  the  liquid  until  the  precipitate 
becomes  brown.  Wash  the  precipitate  with  boiling  water 
three  times  by  deoantation ;  then  transfer  it  to  a  filter,  and 
wash  it  on  the  filter  untU  it  is  free  from  alkali  Dry  the 
precipitate  in  the  steam-oven,  and  ignite  it  together  with  the 
filter  (73)  in  a  porcelain  crucible. 

As  soon  as  the  incineration  of  the  paper  is  complete,  place 
either  an  inyerted  clay  tobacco-pipe,  or  Bose's  lid  and  tube, 
upon  the  crucible  (fig&  46,  47,  pp.  63,  64),  and  continue  the 
ignition  while  a  gentle  current  of  pure  dry  hydrogen  is 
passed  through  the  pipe  or  tube. 

The  hydrogen  is  generated  by  the  action  of  pore  dilute  sulpharic  acid 
upon  granulated  zinc  (794),  or  is  supplied  from  a  cylinder  of  the 
compressed  gas  (795).  It  must  be  completely  dried  by  being  passed 
through  strong  sulphuric  acid. 

The  contents  of  the  crucible  are  heated  to  dull  redness  in 
the  stream  of  hydrogen  for  about  fifteen  minutes,  and  the 
metal  is  then  allowed  to  cool  in  the  current  of  the  gas. 

The  residue  of  metallic  cobalt  is  washed  with  boiling 
water,  until  it  is  free  from  the  alkali  which  accompanies  the 
precipitated  hydrate.  The  metal  is  then  dried  and  again 
ignited  in  hydrogen,  and  weighed.  The  ignition  in  hydrogen 
must  be  repeated  until  the  weight  becomes  constant. 

From  the  weight  of  metallic  cobalt  thus  obtained,  the 
percentage  of  cobalt  in  the  compound  may  be  calculated. 


Estimation  op  NOg  in  a  Nitrate. 
The  estimation  may  be  made  by  one  of  three  methods. 
The  first  method  consists  in  heating  the  solid  nitrate  with 


*  This  salt  is  efflorescent,  and  will  therefore  not  give  the  percentage 
of  cobalt  required  by  its  formula,  unless  it  is  freshly  prepared. 
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excess  of  silica,  and  ascertaining  the  loss  of  weight  which 
is  due  to  the  removal  of  the  elements  of  Nfi^  (l68). 
This  method  is  less  accurate  than  the  other  two. 

The  second  method  consists  in  measuring  the  volume  of 
KO,  which  is  evolved  when  the  solution  of  nitrate  is  shaken 
with  mercury  and  strong  HgSO^  (7I7)« 

In  the  third  method  the  nitrate  is  acted  upon  hy  nascent 
hydrogen,  and  the  NH3  thus  produced  is  estimated  (543)* 

168.  The  Solid  Nitrate  is  heated  with  excess  of  Silica ; 
the  loss  of  weight  gives  the  amount  of  the  elements  of 
NgOg ,  which  the  nitrate  has  lost. 

Note.— From  certain  nitrates,  such  as  Pb(N'Ot)„  the  elements  of  nitric 
anhydride  may  be  expelled  by  simple  ignition,  an  oxide  of  the  metal 
remaining.  In  the  ease  of  most  nitrates,  however,  such  as  those  of 
the  alkali-metals  and  of  the  alkaline-earth  metals,  it  is  necessary  to 
heat  the  nitrate  with  silica,  else  the  residue  which  is  left  after  ignition 
is  not  of  fixed  composition. 

Fuse  a  few  grams  of  pure  potassium  nitrate  in  a  porcelain 
crucible  at  as  low  a  temperature  as  possible,  and  pour  out 
the  fused  salt  into  a  warm  porcelain  dish.  Powder  the 
solid  mass  while  it  is  still  warm,  and  place  the  powder  in  a 
stoppered  weighing-bottle. 

For  practice  in  the  process,  introduce  into  a  weighed 
platinum  crucible  about  2  grams  of  finely-powdered  quartz 
or  silica.  Ignite  this,  allow  it  to  cool,  and  weigh  it.  Add 
about  0*5  gram  of  the  above  powdered  potassium  nitrate, 
and  weigh  the  crucible  again  in  order  to  ascertain  the  exact 
weight  of  the  nitrate  added.  Mix  the  powders  intimately 
and  without  loss  by  means  of  a  glass  rod  rounded  at  the  end. 

Expose  the  crucible,  covered  with  the  lid,  to  a  dull-red 
heat  for  thirty  minutes ;  then  allow  it  to  cool,  and  weigh. 
Heat  it  again  for  ten  minutes,  and  once  more  weigh. 
Repeat  these  operations  until  the  weight  becomes  constant. 

The  loss  of  weight  by  ignition  will  be  due  to  the  total 
expulsion  from  the  nitrate  of  the  elements  of  N2O5.  From 
this  loss  the  percentage  of  NO3  in  the  nitrate  may  be 
calculated. 
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169.  The  Solntion  of  the  Nitrate  is  decomposed  by 
means  of  strong  Snlphnric  Add  in  the  presence  of  Mer- 
ciuy,  and  the  vohune  of  NO  evolved  is  measured. — ^This 
method  is  described  in  paragraph  717. 

17a  The  Nitrogen  of  the  Nitrate  is  converted  into  NH3 
by  the  reducing  action  of  Al  in  contact  with  EHO  sola, 
tion,  or  by  the  Copper-Zinc  Couple,  and  the  NH3  is 

. — This  method  is  described  in  paragraph  543. 


Estivation  of  Silica  in  a  Silioatb. 

171.  The  Silica  is  separated  and  converted  into  the 
Insoluble  Form,  by  adding  excess  of  add  to  the  Silicate 
and  evaporating  to  dryness:  the  Silica  is  then  rendered 
completely  anhydrous  by  heat,  and  is  weighed  as  SiOj. 

The  method  of  procedure  will  depend  upon  whether  the 
silicate  can  be  decomposed  by  acid  or  not  (172,  173)* 

172.  If  the  Silicate  is  Soluble  in  Water,  or  can  be 
Decomposed  by  strong  Hydrochloric  or  Nitric  add,  it  is 
treated  as  is  described  below. 

For  practice  in  the  estimation,  weigh  out  accurately  about 
1  gram  of  finely-powdered  "  soluble  glass,"  or  sodium  silicate, 
into  a  platinum  or  porcelain  dish.  Moisten  the  powder  with 
water.  Place  the  dish,  covered  with  a  clock-glass,  upon 
the  water-bath ;  then  gradually  add  strong  HCl,  through  a 
small  opening  left  by  drawing  aside  the  clock-glass,  and  con- 
stantly stir  the  contents  of  the  dish. 

As  soon  as  the  powder  is  completely  decomposed,  which 
is  known  to  be  the  case  when  no  gritty  particles  can  be  felt 
with  the  glass  rod,  remove  the  cover,  and  evaporate  the 
Hquid  to  dryness.  Continually  stir  the  residue,  breaking  up 
the  lumps  by  means  of  the  glass  rod.  When  the  powder 
appears  to  be  perfectly  dry,  and  no  moisture  is  deposited  on 
a  cold  clock-glass  placed  upon  the  dish  for  a  few  seconds, 
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the  dish  is  heated  in  the  air-oven  to  ISO""  G.  for  about  half 
an  hour.  The  silica  will  now  be  present  in  the  anhydrous 
and  insoluble  condition. 

As  soon  as  the  dish  is  cold,  moisten  the  powder  with 
strong  hydrochloric  acid,  and  warm  the  dish  upon  the  water- 
bath.  Then  add  hot  water,  stir  well,  allow  the  solid  to 
.  subside,  and  decant  the  liquid  through  a  filter.  Repeat 
these  processes  of  treatment  of  the  residue  three  times. 
Then  transfer  the  silica  to  the  filter,  wash  it  thoroughly 
with  hot  water,  and  dry  it  in  the  steam-oven. 

Kow  transfer  the  powder  to  the  crucible  as  completely 
as  possible,  incinerate  the  filter  in  a  platinum-wire  coil,  and 
add  the  ash  to  the  precipitate  (74).  Gently  heat  the  covered 
crucible,  taking  care  that  none  of  the  light,  fine  silica-powder 
is  lost  by  being  carried  off  with  the  escaping  moisture. 

Gradually  increase  the  temperature  until  the  crucible 
reaches  a  bright  red  heat^  and  keep  it  at  this  temperature 
for  fifteen  minutes.  Then  weigh  the  crucible,  and  repeat 
the  above  ignition  until  the  crucible  ceases  to  lose  in  weight 
by  being  heated. 

The  silica  which  is  separated  by  the  above  treatment  is 
frequently  impure,  hence  it  should  always  be  treated  in  the 
following  way  after  the  above  final  weighing. 

Heat  the  ignited  siHca  in  a  platinum  vessel  on  the  water- 
bath  with  pure  solution  of  hydrofluoric  acid  and  a  few  drops  of 
strong  HjSO^;  evaporate  to  dryness,  and  ignite  and  weigh  the 
residue.  Repeat  this  process  until  no  further  loss  of  weight 
occurs.  The  total  loss  of  weight  by  the  treatment  with 
hydrofluoric  acid  represents  the  weight  of  the  silica. 

From  the  weight  of  silica  thus  found,  the  percentage  of 
silica  may  then  be  calculated. 

173.  If  the  Silicate  is  Insoluble  in  Acids  and  is  not 
Completely  Decomposed  by  Add  (389),  it  is  finely  powdered 
and  is  then  treated  with  six  times  its  weight  of  fusion  mix- 
ture (NagCOg  +  KjCOg),  which  is  kept  in  a  fused  condition 
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in  a  covered  platinum  crucible  for  about  fifteen  minutes 
(see  par.  97).  The  solid  is  then  detached  from  the  crucible 
by  boiling  it  with  about  ten  times  its  weight  of  water  for  about 
half  an  hour  in  a  covered  evaporating  dish.  A  little  strong 
HGl  is  added,  and  when  nothing  but  gelatinous  silica 
remains  in  the  liquid,  the  contents  of  the  dish  are 
evaporated  to  dryness  and  the  residue  is  treated  as  is 
described  above  (172). 


Estimation  of  Fluobimx  in  a  Fluobidk 

Z74.  The  Rnoride  is  pTeeipitated  as  Oalcium  Fluoride,  OaF^ 
and  ia  weighed  as  suoh. 

Three  methods  of  prooedare  are  described.  The  first  method  (175) 
serves  for  a  neutral  fluoride ;  the  second  method  (176)  for  a  fluoride 
with  acid  reaction ;  and  the  third  method  (177)  for  an  insoluble 
fluoride. 

275.  Neutral  Fluorideo.— To  the  solution  of  the  fluoride,  contained 
in  a  platinum  or  porcelain  dish,  add  an  excess  of  calcium  chloride 
solution,  and  heat  the  mixture  to  boiling.  Allow  the  precipitate  of 
calcium  fluoride  (CaFa)  to  subside,  and  wash  it  twice  by  decantation. 
Then  transfer  the  precipitate  to  the  filter,  wash  it  free  Arom  dissolved 
salts  by  means  of  hot  water,  and  dry  it  in  the  steam-oven. 

The  precipitate  and  filter  are  ignited  together  (73)  at  a  red  heat, 
and  are  weighed. 

From  the  weight  of  calcium  fluoride  (CaFg)  thus  obtained,  the  per- 
centage of  fluorine  can  be  calculated. 

Z76.  Fluorides  with  Acid  Beaction.>-The  solution  of  the  fluoride, 
contained  in  a  platinum  or  porcelain  dish,  is  mixed  with  sodium 
carbonate  solution  in  excess.  The  mixture  is  heated  to  boiling,  and  is 
filtered  if  necessary.  Calcium  chloride  solution  is  then  added  in 
excess.  When  the  precipitate,  which  consists  of  a  mixture  of  calcium 
fluoride  and  calcium  carbonate,  has  subsided,  it  is  washed  first  by 
decantation  and  finally  on  the  filter.  The  precipitate  is  then  dried, 
and  is  ignited  in  a  platinum  crucible. 

The  ignited  precipitate  is  now  transferred  to  an  evaporating  dish, 
and  is  treated  first  with  water  and  then  with  acetic  acid  in  excess. 
The  mixture  is  evaporated  to  dryness  on  the  water-bath,  and  is  ignited 
until  it  no  longer  smells  of  acetic  acid.  The  residue,  which  consists  of 
a  mixture  of  calcium  fluoride  and  calcium  acetate,  is  washed  with  hot 
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water  until  it  is  free  from  calcium  acetate.     It  is  then  filtered,  dried, 
ignited,  and  weighed,  as  Is  descrihed  ahove  (x75)« 

Z77.  Infloluble  Fluoridefl. — ^The  finely-powdered  fluoride  is  heated 
in  a  platinum  crucible  with  about  six  times  its  weight  of  fusion 
mixture  (Na^COs + EqCOs),  the  alkaline  carbonates  being  kept  in  a  fused 
state  until  the  fluoride  is  entirely  decomposed  (97).  The  cool  mass  is 
then  dissolyed  by  hjBating  the  crucible  with  water.  The  solution 
is  filtered,  if  necessary,  and  is  precipitated  by  the  addition  of  calcium 
chloride  solution  in  excess.  The  calcium  fluoride  in  the  precipitate 
is  then  estimated  as  is  described  above  (176). 


Inbiseot  Estimation  of  6,0,  in  Crtstallissd  Bokax. 

178.  The  Borate  is  Evaporated  to  drynen  with  Hydzodhlorio  Acid : 
the  Boric  Acid-radicle  is  thus  expeUed,  and  is  replaced  by  the 
chemically  equivalent  amount  of  CMorine,  which  ia  estimated  in 
the  residue. 

Weigh  accurately  about  1  gram  of  pure  recrystallised  borax 
(Na3B4O^.10HsO)  into  a  porcelain  dish.  Add  an  excess  of  hydro- 
chloric acid,  and  evaporate  the  solution  to  dryness  on  the  water-bath. 
As  soon  as  the  liquid  has  been  driven  off,  add  a  little  more  hydro- 
chloric add,  and  once  more  evaporate  to  dryness.  Then  heat  the 
residue  upon  a  sand-bath  until  no  more  acid  fumes  are  given  off. 

Estimate  the  chlorine  (1x3,  304),  and  fh>m  this  result  calculate 
the  amount  of  Bfi^  assuming  that  85*45  of  Gl  is  equivalent  to  70*02 
of  BjO,. 

Indibeot  Estimation  of  BjOs  in  Bobio  Acid. 

Z79.  The  solution  of  Boric  Add  ia  mixed  with  a  weighed  quantity 
of  pure  anhydrous  Sodium  Carbonate  in  excess;  the  liquid  is 
evaporated  to  dryness,  and  the  Oarbon  Dioxide  in  the  residual 
Oarbonate  is  determined. 

Weigh  out  accurately  about  1  gram  of  pure  crystallised  boric  acid, 
HsBOs,  ini»  a  10-oz.  flask,  and  dissolve  it  in  about  50c.c.  of  water. 
Add  about  8  grams  of  pure  anhydrous  sodium  carbonate,  and  evaporate 
the  solution  to  dryness  in  a  small  weighed  porcelain  dish.  Heat  the 
contents  of  the  dish  just  to  fusion,  and  maintain  this  temperature 
until  effervescence  ceases ;  then  allow  the  dish  to  cool,  and  wdgh  it. 

The  residue  in  the  dish  contains  a  known  amount  of  sodijmi  oxide 
and  an  unknown  amount  of  CO3  and  B^Oj.  Determine  the  CDs  (140), 
and  find  the  weight  of  the  Bfi^  by  difference.  The  percentage  of  6,0, 
may  then  be  calculated. 


PART   III. 


VOLUMETEIC   ANALYSIS. 


20a  Introductory  Bemarka — In  the  processes  of  yolu< 
metric  analysis,  volume  is  determined  instead  of  weight. 
Yolumetric  methods  are  usually  applicable  only  to  fiuida. 
The  mobility  of  a  fluid  enables  it  to  adapt  itself  to  a  measur- 
ing-vessel ;  whilst  the  rigidity  of  a  solid  renders  this  adapta- 
tion impossible.  Hence  the  weight  of  a  solid  is  usually  more 
easily  determined  than  its  volume. 

Since  both  liquids  and  gases  are  dealt  with  volumetrically, 
volumetric  analysis  is  divided  into  two  branches,  the  one 
treating  of  liquids  and  the  other  of  gases.  The  expression 
"Volumetric  Analysis"  is,  however,  generally  applied  to 
liquids  only ;  the  term  "  Gras  Analysis  "  being  usually  applied 
to  the  estimation  of  gases. 

Advantages  of  Volumetric  Methods. — ^The  ordinary  chemi- 
cal reactions,  upon  which  analysis  depends,  occur  only  when 
one  at  least  of  the  reacting  substances  is  in  the  liquid  condi- 
tion. Since  liquids  have,  therefore,  to  be  dealt  with  during 
the  analysis,  a  great  saving  of  time  may  usually  be  effected, 
by  carrying  on  the  processes  in  such  a  way  that  measurement 
of  volume  may,  as  far  as  possible,  take  the  place  of  weighing. 

This  economy  of  time  is  effected  by  dissolving  a  known 
weight  of  a  substance  in  a  known  volume  of  water.  If  a 
known  fraction  of  this  solution  is  then  measured  off,  it  will 
contain  a  corresponding  fraction  of  the  weight  of  the  dis- 
solved solid ;  accordingly  the  weight  of  solid  present  in  this 
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portion  of  the  liquid  is  known  without  any  further  weighing. 
An  additional  advantage  gained  by  this  method  of  procedure 
is,  that  minute  quantities  of  substance  can  be  dealt  with, 
which  could  not  possibly  be  weighed.  Hence  it  will  be  seen 
that  volumetric  methods  wOl  in  certain  cases  surpass  gravi- 
metric methods  in  accuracy  and  in  delicacy. 

Illustration  of  a  Volumetric  Determination. — The  estima- 
tion of  chlorine,  present  as  chloride  in  the  solution  of  a  sub- 
stance, by  the  addition  of  silver  nitrate  solution,  will  serve 
as  an  illustration  of  volumetric  methods.  The  estimation 
depends  upon  the  following  reaction: — ^NaGl  +  AgNOg^ 
AgCl  +  NaNOg.  The  completion  of  this  change  is  made 
evident  by  causing  it  to  take  place  in  the  presence  of  potas- 
sium chromate  solution.  As  soon  as  the  silver  nitrate  is 
added  in  excess,  it  produces  a  permanent  dark  red  precipitate 
of  silver  chromate ;  so  that  the  appearance  of  a  slight  red 
coloration  throughout  the  liquid  indicates  the  completion  of 
the  reaction. 

In  a  special  estimation  of  chlorine  present  as  chloride,  the 
solution  of  silver  nitrate  which  was  added  contained  one- 
tenth  of  the  molecular  weight  of  silver  nitrate,  or  16*994 
grams,  per  litre.  Hence,  according  to  the  above  equation, 
each  cubic  centimetre  (c.c.)  of  the  silver  nitrate  solution  would 
precipitate  0'003545  gram  of  chlorine  from  the  chloride.  Of 
this  silver  nitrate  solution  22*5  c.c.  were  required  to  exactly 
precipitate  2  grams  of  the  substance  dissolved  in  water. 
Therefore  the  weight  of  chlorine  in  the  substance  =  22*5  x 
0*009545  =  0'0797 6  gram,  and  the  percentage  weight  of 
chlorine  in  the  substance  =  0*07976  x  50  =  3*99. 

Standard  Solutions. — ^It  will  be  seen  from  the  preceding 
example  that  the  solutions  employed  in  volumetric  analysis 
are  required  to  be  of  known  strength.  Such  solutions  are 
commonly  termed  "  Standard  SoltUions," 

Indicators, — It  will  also  be  noticed  that  some  visible  indi- 
qation  of  the  termination  of  the  reaction  is  necessary. 
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In  certain  cases  this  is  furnished  by  a  marked  change  in 
colour,  as  when  potassium  permanganate  solution  is  added 
to  warm  acidified  solution  of  oxalic  acid:  the  colour  of 
the  permanganate  is  destroyed  in  this  reaction,  and  a 
permanent  pink  tint  in  the  liquid  therefore  indicates  the 
presence  of  permanganate  in  excess,  and  proves  that  the 
reaction  is  completed. 

In  the  majority  of  estimations,  however,  it  is  necessary  to 
employ  a  third  substance,  which,  by  producing  a  change  of 
colour,  serves  as  an  "  Indieaior*'  of  the  completion  of  the 
reaction.  An  illustration  of  this  is  furnished  by  the  use  of 
potassium  chromate  in  the  example  already  given. 

Redprocity  of  tJte  Process. — The  above  process  may  evi- 
dently be  utilised  for  the  estimation  of  silver.  For  silver, 
when  present  in  solution,  may  be  estimated  by  adding  its 
solution  to  standard  sodium  chloride  solution  in  the  presence 
of  potassium  chromate.  This  reciprocity  is  generally  true  of 
a  volumetric  proce8& 

In  the  Following  Description  those  processes  of  volumetric 
analysis  are  generally  grouped  together,  in  which  the  same 
liquid  reagent  or  ''Standard  Solution''  is  employed.  The 
most  important  and  typical  processes  in  each  group  are 
printed  in  ordinary  type.  Processes  which  are  similar  in 
principle  to  these,  or  are  of  less  importance,  are  printed  in 
smaller  type.  For  additional  methods  of  estimation,  the 
student  may  consult  Sutton's  Volumetric  Analysis,  and 
Fresenius^  Quantitative  Analysis, 

As  a  rule,  each  estimation  which  is  made  for  practice  in 
the  method  must  be  performed  in  duplicate,  so  as  to  check 
the  accuracy  of  the  result,  since  the  substances  which  are 
used  are  not  generally  of  known  and  definite  composition. 


PAET  III— SECTION  Y. 


MEABUREMQNT  OF  LIQUIDS. 
CALIBRATION  AND  USB  OP  GRADUATED 

VESSELS. 
INDICATORS. 
STANDARD  SOLUTIONS. 


The  Measurembnt  of  a  Liquid. 

201.  The  Measurement  of  a  Liquid  may  be  undertaken 
for  two  different  purposes. 

(1).  It  may  be  required  to  ascertain  the  volume  of  the 
liquid.  This  is  effected  by  pouring  the  liquid  into  a  suitably 
graduated  measuring-vessel.  The  liquid  is  said  to  be 
<<  measured,"  after  its  volume  has  been  noted. 

(2).  It  may  be  required  to  obtain  a  known  volume  of  the 
liquid.  The  hquid  is  then  delivered  from  a  suitably  gradu- 
ated measuring-vessel  in  precisely  the  requisite  quantity. 
This  is  termed  "  delivering  "  the  requisite  volume  of  liquid. 

202.  The  Graduated  Olass  Vessels  which  are  used  for 
measuring  liquids  are  therefore  adapted  either  to  "  measure  " 
or  to  "  deliver  "  a  liquid. 

Vessels  of  both  classes  are  frequently  marked  with  the 
temperature  at  which  the  liquid  is  to  be  measured  in  them. 
This  temperature  is  usually  15" '5  C,  which  is  equivalent  to 
60*"  F.  Careful  attention  to  this  uniformity  of  temperature 
is  absolutely  necessary  when  strict  accuracy  is  required,  since 
the  volume  of  a  liquid  undergoes  appreciable  alteration  by 
variations  of  temperature. 
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203.  Absolute  Volume. — It  should  be  noted  that  meatfor- 
ing-vessels  are  sometimes  graduated  according  to  the  absolute 
imit.  The  cubic  centimetre  unit  which  is  adopted  for  the 
measuiing-vessels  hereafter  described  is  slightly  larger  than 
the  absolute  cubic  centimetre ;  since  the  absolute  o.c.  is  the 
volume  of  1  gram  of  water  at  4*  C,  and  the  c.c.  in  the 
measuring-yessel  represents  the  volume  of  1  gram  of  water  at 
Ib'^'b  C.  But  since  the  measuring-vessels  are  only  used  for 
ascertaining  the  relative  and  not  the  absolute  volumes  of 
liquids,  no  error  is  introduced  if  the  vessels  correspond  one 
with  another  in  the  value  of  their  graduations. 

A  correction  to  absolute  volume  can  be  applied,  if  necessary, 
from  the  known  expansion  of  water  at  different  tempera- 
tures, which  is  given  in  a  special  Table  (776).  Thus,  if  a 
flask  contains  250  grams  of  water  at  15**5,  its  capacity  in 
absolute  c.c's  will  be  250  x  1*00097  »  250*2425  c.c.  Since 
the  absolute  c.c.  is  used  in  the  measuring-vessels  employed 
for  gas  analysis,  the  vessels  used  for  gas  analysis  do  not 
agree  in  their  measurements  with  those  used  for  liquids. 
The  above  correction  can,  however,  be  applied,  if  necessary 
to  render  the  volumes  comparable. 

The  temperature  of  15**5  has  been  selected  because  it  is 
the  average  temperature  of  the  laboratory.  Any  other 
temperature,  whidi  is  convenient  under  special  conditions, 
may  be  selected ;  but  it  must  then  be  employed  during  the 
calibration  and  use  of  the  whole  series  of  measuring-vessels. 

In  order  to  calibrate  in  absolute  volume  at  ordinary  tem- 
peratures, the  weight  of  water,  whose  volume  at  the  given 
temperature  is  equal  to  the  absolute  cc,  must  be  calculated, 
and  this  weight  must  be  substituted  for  one  gram. 

204.  Belation  of  Wei^t  to  Volume. — It  should  be  re- 
membered also  that  when  ordinary  measuxing-vesselB  are  used 
for  pure  water  at  15**5,  the  number  of  cc.  which  they  indicate 
will  represent  the  weight  of  the  water  in  grams.  In  the  case 
of  a  liquid  of  specific  gravity  different  from  water,  the  number 
of  c.c.  read  off  must  be  multiplied  by  the  specific  gravity  of 
the  liquid,  in  order  to  obtain  the  weight  of  the  liquid  in  grams. 
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205.  Measuring  and  Deliverixig.  —  A  horizontal  lino, 
etched  upon  the  measuring-vessel,  indicates  its  capacity  to 
that  particular  level.  In  a  vessel  which  is  intended  both  to 
measure  and  to  deliver  liquids,  each  capacity  must  be  indi- 
cated by  two  marks.  One  of  these  serves  to  meaxure  the 
volume  of  a  liquid,  and  the  other  to  deliver  the  same  volume. 
The  latter  will  in  every  case  correspond  to  a  larger  volume, 
since  a  portion  of  the  liquid  remains  adhering  to  the  inside 
of  the  vessel. 

206.  Beading  the  Volume. — ^The  vertical  section  of  the 
surface  of  a  liquid  in  a  tube  13  a  curve  or  meniscus.  It  is 
usual  to  read  the  lowest  point  of  the  surface-meniscus  in 
measuring  the  volume  of  a  liquid. 

Oreat  care  must  be  taken  that  the  measuring-vessel  is 
placed  in  a  truly  vertical  position,  while  the  volume  of  the 
liquid  is  being  read. 

207.  Calibration  of  Measuring- Vessels. — Each  measuring- 
vessel  should  be  "calibrated,"  or  its  accuracy  tested,  by 
weighing  or  measuring  a  definite  amount  of  water  in  it  at 
15'''5.  This  calibration  must  be  made  in  a  room  as  nearly 
as  possible  at  the  temperature  of  15'''5  C,  and  the  process 
must  be  carried  on  rapidly  and  without  interruption,  in 
order  to  guard  against  alteration  of  volume  and  loss  of  water 
by  evaporation. 

If  it  is  desired  to  calibrate  the  measuring-vessel  in  absolute 
cc.'s,  the  weight  of  the  requisite  volume  of  water  at  15° '5 
to  be  introduced  into  the  flask  must  be  calculated.  Thus 
for  a  250  c.c.  flask,  the  weight  of  water  at  Ib'^'b  to  be  intro- 
duced would  be  250  x  0*999081  =  24977  grams.  The  above 
factor  is  the  density  of  water  at  15'* '5,  as  is  shown  in  the 
special  Table  (775)' 

Measuring-vessels  are  of  various  forms.  Some  of  these 
are  described  below. 
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THE  MEASURINa-FLASK. 
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Thb  Mbasuring-Flase. 

NoU.  —The  meuuring-flaak  is  used  for  obtaining  a  known  yolnme  of 
liquid.  A  graduated  measnring-oylinder  (2x9)  may  often  replace  the 
measnring-flaak. 

208.  MeaBtirixig-FlaBkB  graduated  for  1  litre  (1000  cc), 
for  I  litre  (600  c.c),  for  J  litre  (250  c.c),  for  200  c.c,  and 
for  100  C.C.,  will  be  found  convenient  for  general  use.  The 
level,  at  which  the  upper  surface  of  the  liquid  stands,  must 
be  in  the  neck  of  the  flask  (fig.  66) ;  and  the  neck  should 
be  narrow  to  insure  accurate  readings. 

Two  marks  are  usually  etched  upon  the  neck  of  the  flask 
— one  for  measuring,  and  the  other  for  delivering  the  volume 
which  is  marked  on  the  flask  (205}. 
When  the  flask  is  filled  to  the  lower 
mark  it  contains  the  stated  volume ; 
and  when  it  is  filled  to  the  upper 
mark,  the  stated  volume  can  be 
poured  out  or  delivered  from  the 
flask. 


Fig.  66. 


209.  Oalitaration  of  the  Measur- 
ing-Flask.  —  Before  a  measuring- 
flask  is  used,  it  is  well  to  ascertain 
whether  it  holds  or  delivers  exactly 
the  volume  which  is  marked  upon 
it.  The  following  methods,  by  which 
the  weight  of  water  contained  in  or 

dehvered  by  the  flask,  is  ascertained,  serve  to  caUbrate  the 
flasks  for  measuring  and  delivering  respectively.  The 
results  obtained  from  the  different  vessels  bear  a  correct 
relation  to  one  another. 

It  mnst  be  remembered,  however,  that  the  volume  of  air  which  is 
displaced  by  a  large  quantity  of  water,  is  considerably  greater  than 
that  which  ia  displaced  by  the  weights  which  counterpoise  it.  Hence, 
it  becomes  necessary  to  apply  a  correction  to  the  weight  of  the  water, 
as  is  explained  in  par.  13,  iiahsoluU  volume  is  required. 
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210.  OaJibration  of  a  Flask  for  MeaBuring.— The  flask 
is  first  thoroughly  cleansed  and  dried.  It  is  then  placed 
upon  one  pan  of  a  fairly  sensitive  large  balance,  and  counter- 
poised by  shot  or  by  weights  placed  in  the  other  scale-pan. 

A  weight  in  grams,  equal  in  value  to  the  number  of  c.c. 
which  the  flask  should  measure,  is  then  placed  with  the 
shot  or  the  other  weights  on  the  pan.  Thus  a  quarter-litre 
flask  would  have  250  grams  placed  beside  it. 

The  flask  is  then  removed,  and  placed  upon  a  level 
surface,  and  distilled  water  at  IS'^'S  is  poured  into  it,  until 
the  graduation-mark  on  the  neck  is  exactly  touched  by  the 
lowest  point  of  the  meniscus  of  the  water-surface.  The  neck 
of  the  flask  is  then  carefully  dried,  and  the  flask  is  replaced 
upon  the  empty  pan  of  the  balance.  If  the  balance  is  now 
in  exact  equihbrium,  the  graduation  of  the  flask  is  correct, 
and  no  further  trouble  need  be  taken  (207)* 

If  the  balance  is  not  in  equilibrium,  one  of  two  courses 
may  be  adopted.  Either  the  flask  may  be  regraduated 
correctly  (21 1),  or  the  requisite  correction  may  be  applied 
each  time  the  flask  is  used  (212).  The  latter  course  is  the 
less  convenient  in  practice. 

211.  A  Correct  OraducUion  is  obtained  by  increasing  or 
diminishing  the  quantity  of  water  in  the  flask,  until  eqmlib- 
rium  is  obtained.  The  flask  is  then  again  placed  upon  a 
level  surface,  and  a  scratch  is  made  on  the  neck,  with  a 
diamond  or  with  the  point  of  a  hard  file,  on  a  level  with  the 
lowest  point  of  the  meniscus.  This  will  give  the  true 
graduation  for  measuring. 

212.  The  Correction  to  he  Applied  to  the  Flask  is  ascertained  as 

follows.  The  flask,  filled  exactly  to  the  mark  (210),  is  placed  npon  the 
pan  of  the  balance,  with  the  counterpoising  weights  in  the  other  pan, 
as  has  been  already  described.  Equilibrium  is  then  secured  by  adding 
the  requisite  weights  to  one  of  the  pans.  The  value  of  these  weights 
in  grams  is  taken  as  representing  the  same  number  of  ao.  This 
volume  must  be  added  to  the  volume  marked  on  the  flask,  if  the 
additional  weights  have  been  placed  upon  the  counterpoise  pan.  The 
volume  must  be  subtracted  from  that  of  the  flask,  if  the  additiona] 
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weights  haye  been  placed  on  the  same  pan  aa  the  flask.  The  corrected 
capacity  of  the  flask  thus  obtained  shoold  be  marked  upon  it  by  means 
of  a  diamond  or  a  pointed  file. 

2x3.  Calibration  of  a  Flask  for  Deliveriiig. — The  flask 
is  filled  with  distilled  water  to  the  graduation  on  its  neck. 
The  water  is  then  poured  out,  and  the  flask  is  allowed  to  drain 
in  an  inverted  position  for  a  known  time,  say  fifteen  seconds. 
The  flask,  with  its  interior  still  wet,  is  now  placed  upon  one 
pan  of  the  balance,  and  its  neck  is  closed  by  the  stopper  or 
by  a  rubber  cork  to  prevent  loss  of  weight  by  evapora- 
tion. The  flask  is  then  exactly  counterpoised  by  weights 
or  by  shot,  and  weights  are  added  whose  value  in  grams  is 
equal  to  the  number  of  c.c.  which  the  flask  is  marked  to 
deliver. 

The  flask  is  then  placed  on  a  level  surface,  and  is  accu- 
rately filled  to  the  delivering-mark.  It  is  then  replaced 
upon  the  pan  together  with  the  stopper.  If  the  balance 
is  now  in  equilibrium,  the  flask  was  correctly  graduated. 
If  equilibrium  is  not  produced,  a  correction  must  be  applied 
I  (211,  212).    This  corrected  volume  will  be  delivered  by  the 

!  flask  when  it  is  accurately  filled  to  the  deHvering-mark,  and 

I  IB  allowed  to  drain  for  fifteen  seconds  after  pouring  out  the 

liquid. 

I  ExPBKiMSNT. — Calibrate   a   quarter-litre    flask    in    the    manner 

described  above  (2x0-213),  so  as  to  measure  and  to  deliver  250  cc.     If 

'  the  measuring-flasks  of  different  capacities  haye  not  been  already 

I  calibrated,  they  may  be  treated  in  the  same  way  before  they  are 

used. 


The  Pipbttb. 

2x4.  The  Pipette  is  a  tube  which  is  adapted  to  deliver 
smaller  fixed  quantities  of  liquid  than  measuring-flasks  do,  or 
to  deliver  varying  small  volumes  of  liquid.  A  pipette  for 
delivering  a  fixed  volume  is  shown  in  fig.  67,  and  another 
for  delivering  varying  quantities  in  fig.  68. 

h 
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The  pipette  mufit  be  narrow  at  each  end.    The  liquid  is 

introduced  by  applying  suction  from  the  month  at  the  upper 

end,  while  the  lower  end  is  dipped  into  the  requisite  liquid. 

The  liquid  is  thus  raised  to  a  higher  level  than  the  graduation. 

The  upper  end  is  then  rapidly  closed  by  the  end  of  the  fiist 

Gngei ;  and  by  carefully  relaxing  the  pressure  of  the  finger, 

the  liquid  is  allowed  to  flow  out  below,  until 

the  lower  curve  of  the  meniscus  just  reaches 

the  requited  graduation. 

_      _        If  the  pipette  baa  only  one  graduation, 

the  measured  volume  may  now  be  delivered 

into  any  vessel  by  removing  the  finger,  and 

allowing  the  pipette  to  empty  itself,  and  then 

to  drain   for   fifteen    seconds    with   its    end 

touching  the  inside  of  the  vessel. 

If  the  pipette  is  gradusteJ  throughout  its 
length,  a  certain  fractional  quantity  of  its 
entire  contents  may  be  deUvered,  by  carefully 
relaxing  the  finger- pressure  until  the  requisite 
quantity  only  has  flowed  out. 

215.   Oalibration    of   the    Pipette.— The 

process  of  calibrating,  or  testing  the  accu- 
racy of  a  pipette,  mny  be  carried  out  as 
follows. 

The  clean  and  dry  pipette  is  first  provided 
with  an  arrangement  for  closing  its  delivering 
end,  BO  that  it  may  be  weighed  while  it  contains  water. 

This  may  be  simply  effected  by  stretching  a  strip  of  thin 
rubber  sheet,  about  4  inches  in  length  and  J  inch  in  width, 
over  it«  lower  end.  An  ordinary  rubber  ring  of  the  proper 
dimensions,  if  cut  across  at  one  part,  answers  very  well.  The 
middle  of  the  strip  is  pressed  against  the  tip  of  the  pipette 
BO  B8  to  close  it,  and  the  strip  is  retained  in  position  by 
drawing  its  free  ends  up  on  opposite  sides  of  the  pipette. 
The  ends  are  then  fastened  down,  while  the  atrip  is  in 
a  state  of  shght  tension,  by  twisting  a  piece  of  copper 
binding-wire  over   them  and  round  the  pi^wtte-tube.     The 
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band  thus  fonns  an  elastic  loop,  which  can  be  stretched  ovei 
the  tip  of  the  pipette,  and  will  effectually  close  it. 

The  rubber  loop  having  been  drawn  aside,  the  pipette  is 
filled  up  to  the  graduation  with  distilled  water  by  suction, 
and  its  lower  end  is  externally  dried.  The  water  is  then 
allowed  to  flow  out,  and  the  pipette  is  permitted  to  drain 
for  fifteen  seconds  in  an  erect  position,  with  the  tip  touching 
the  inside  of  the  beaker.  The  pipette  is  now  held  in  a  hori- 
zontal position,  and  the  rubber-loop  is  stretched  over  its  tip. 
It  is  then  laid  upon  the  pan  of  an  open  balance,  and  is 
accurately  counterpoised  without  delay. 

The  pipette  is  then  held  in  an  upright  position,  and  distilled 
water  at  Ib'^'b  is  introduced  from  a  long  and  fine  jet  of  a  wash- 
bottle  into  the  top  of  the  pipette,  until  the  lowest  point  of  the 
surface  meniscus  of  the  water  just  touches  the  graduation- 
mark.  The  water-level  may  be  adjusted,  if  necessary,  by  means 
of  a  piece  of  glass  tube  drawn  out  into  a  long  slender  capillary. 
This  is  pushed  down  the  pipette,  and  by  its  means  water  can 
be  readily  introduced,  or  sucked  out,  as  may  be  necessary. 

As  soon  as  the  pipette  is  exactly  filled,  it  is  once  more  laid 
upon  the  scale-pan.  A  weight  in  grams,  equal  in  value  to 
the  number  of  c.c  the  pipette  should  deliver,  is  now  added 
to  the  counterpoise  of  the  empty  pipette  (207).  If  this 
produces  exact  equilibrium,  the  pipette  is  correctly  graduated. 

If  the  balance  is  not  in  equilibrium,  the  quantity  of  water 
in  the  pipette  is  gradually  increased  or  diminished  by  means 
of  the  drawn-out  tube,  imtil  equilibrium  is  obtained.  A  file- 
mark  is  now  made  at  the  bottom  of  the  water  meniscus,  and 
will  furnish  the  correct  graduation. 

An  alternative  method,  if  the  pipette  is  found  to  be 
incorrect,  is  to  ascertain  its  true  delivering  capacity  (2X2), 
and  to  consider  this  as  the  volume  which  it  delivers. 

Occasionally  pipettes  of  large  capacity  are  used.  In  calibrating 
these,  attention  to  the  correction  described  in  par.  13  is  necessary,  if 
great  accuracy  is  required* 

ExPBKiMENT.— A  25  0.0.  pipette  may  be  calibrated  as  is  described 
above.  All  the  pipettes,  which  are  to  be  used,  should  be  similarly 
calibrated  if  they  are  not  known  to  be  C9rrect. 


TOLDMITBIC  ANALT9I8. 


[218. 


Thb  BintBTTi. 

216.  ThB  Burette  differs  mainly  from  the  graduated 
pipette  by  being  open  to  atmospheric  pressure  at  the  top 
while  it  is  in  nee.  The  outflow  of  liquid  from  the  lower  end 
is  started,  regulated  and  arrested  hy  means  of  a  glass  tap  or 
a  soitahle  clamp. 

The  burette  (fig.  69)  is  a  tube  of  uniform  diameter  throi^h- 
out  its  graduated  part  It  will  be  found  convenient  to  shape 
the  top  of  the  burette  into  a  small  conical  funnel :  this  may 


be  effected  by  softening  the  glass  in  the  blowpipe-flame,  and 
opening  it  out  by  means  of  a  conical  piece  of  charcoal.  The 
lower  end  is  considerably  narrowed,  and  may  be  closed  by 
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means  of  a  glass  tap  or  by  a  pinch-cock  which  presses  upon  a 
rubber  joint. 

The  burette  is  graduated  throughout  the  greater  part  of  its 
length  into  cubic  centimetres  and  fractions  thereof.  Burettes 
are  made  to  contain  20  c.c,  50  c.c,  or  100  c.c.  Those 
generally  in  use  haye  a  capacity  of  50  cc. 

The  burette  is  usually  filled  by  closing  its  lower  end  and 
pouring  in  liquid  from  the  top.  The  liquid  shoidd  rise  above 
the  highest  graduation,  and  shoidd  then  be  allowed  to  flow 
out  from  below  until  the  lowest  point  of  the  meniscus  just 
touches  this  graduation  (fig.  70). 

In  filling  the  burette  great  care  must  be  taken  that  no  air- 
bubbles  are  left  in  the  tap  or  jet.  When  the  burette  is  in 
use,  it  is  assumed  that  Itguid  only  passes  out.  The  volume 
of  any  air-bubble,  which  is  swept  through,  would  be  counted 
as  so  much  liquid,  since  the  volume  of  liquid  which  is  assumed 
to  have  flowed  out  of  the  burette  is  measured  by  the  fall  of 
the  liquid  surface. 

The  burette  is  supported  by  being  clamped  in  a  convenient 
stand  (fig.  69).  It  should  not  be  held  in  the  hand  after  it 
is  filled,  else  error  is  introduced  by  the  expansion  of  the  liquid 
contents,  owing  to  the  heat  imparted  by  the  hand. 

To  facilitate  exact  reading,  Erdmann's  float  (fig.  71)  is 
often  used.  It  is  somewhat  smaller  in  diameter  than  the 
burette,  and  carries  a  horizontal  mark  upon  its  middle.  The 
float  keeps  uniformly  immersed  in  the  liquid,  and  rises  and 
sinks  with  it.  The  graduation  on  the  burette,  which  corre- 
sponds with  the  mark  on  the  float,  is  read  off  as  the  level  of 
the  liquid  surface. 

If  the  float  is  not  employed,  the  meniscus  curve  of  the 
liquid  surface  in  the  burette  is  rendered  visible  by  holding  a 
card  in  an  inclined  position  behind  the  burette  and  near  the 
surface  of  the  liquid.  The  curve  may  thus  be  shown  with  a 
sharp  black  outline. 

If  the  liquid  in  the  burette  is  very  dark  in  colour,  the 
upper  surface  of  the  liquid  is  read  off  without  using  a  float. 

217.  Oalitaration  of  the  Burette. — The  burette  is  charged 


166  VOLUMETRIC   ANALYSIS.  [218,219, 

with  distilled  water  at  15° '5  C,  and  the  tuhe  below  is  care- 
fully freed  from  air-bubbles.  The  caHbration  is  then  effected 
by  allowing  successive  quantities  of  water,  of  5  cc.  each,  to 
flow  into  a  tared  stoppered  flask  or  weighing-bottle.  The 
weight  in  grams  of  each  portion  of  water  should  be  exactly 
equal  to  the  volume  of  the  water  in  c.c.  as  indicated  by  the 
burette,  due  allowance  being  made,  if  necessary,  for  the 
expansion  of  the  water  (207)* 

2l8.  If  the  reading  of  the  burette  is  found  to  be  inaccurate, 
a  table  should  be  drawn  up  showing  its  true  capacity  up  to 
each  graduation :  the  error  between  two  successive  weighings 
being  distributed  equally  between  the  graduations  which  are 
included  in  the  5  cc.  interval 

Thus  in  calibrating  from  0  to  10  cc.  on  a  burette,  the 

following  weights  of  water  were  obtained.     From  0  to  5, 

4*9549  grams ;  and  from  5  to  10,  4'9781  grams.     The  first 

4*9549 
cc.  division  on  the  burette  therefore  corresponds  to  — - — 

=  0*99   c.c. ;   the  second  division  corresponds  to  0*99x2 

=  1*98   c.c,  and  so  on  for  the  first  five  divisions.     Simi- 

4*9781 
larly  the    sixth  division  will   contain  — - —  =  0*995  c  c 

0 

Therefore  the  first  six  divisions  of  the  burette  will  contain 
4*95  f  0*99  =  5*94  cc  ;  and  seven  divisions  will  contain 
5*94 +  0*99  =  6*93  cc 

ExpEBiMEKT.  —  A  50  CC  burette  may  be  calibrated  in  the  above 
manner.    All  burettes  may  be  similarly  tested  before  being  used. 


Thb  Mbasuring-Ctlindbr. 


219.  Measuring-CylinderB  of  thick  glass  often  usefully 
supplement,  or  replace,  the  measuring-flasks.  Since  the  upper 
surface  of  the  liquid  in  the  cyUnder,  however,  is  greater  than 
that  in  the  flask,  the  accuracy  of  the  reading  is  diminished 
by  using  the  cylinder. 
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The  cylindei  is  usually  graduated  throughout  the  greater 
part  of  its  length,  the  successive  graduationB  indicating  from 
1  to  10  C.C.  each,  according  to  the  diameter  of  the  cylinder. 
The  cylinder  may  be  used  either  for  metuuring  or  delioering 
the  liquid  (205). 

Ueasuring-oylindeTB  are  of  two  kinda.  One  kind  is  nar- 
rowed at  the  top,  and  can  be  closed  by  a  clean  rubber  oork 
or  by  an  accurately  ground  stopper  _  ^  ^ 

(fig,  72),  This  form  is  conven- 
ient for  shaking  and  mixing  the 
liquid  contents  without  risk  of 
lose.  The  other  kind  of  cylinder 
is  open  at  the  top,  and  is  fur- 
niahed  with  a  lip  for  pouring  out. 

220.  CalibraticHi  of  the  Heasur- 
fng- Cylinder.  —  A  cylinder  for 
measuring  hquida  is  most  rapidly 
calibrated  by  allowing  water  to 
flow  into  it  from  a  previously 
calibrated  burette.  If  the  gradua- 
tions are  not  correct,  it  will  be 
neceesary  to  construct  a  table,  iu  * 
which     the    true    value    of    each 

graduation  ie  shown,  as  is  described  above  in  the  case  of  the 
bnrette  (2l8). 

If  the  cylinder  is  graduated  for  "  dehvering,"  the  interior 
must  be  wetted  (213)  before  applying  the  above  process. 

EzpBBtKXNT. — A  qoarter.litre  cjUnder  may  be  calibrated  m  is 
dinoted  above,  adding  10  a.o.  from  the  barstte  eaoh  tims.  All  other 
meamiTiDg-cylinders  may  b«  calibrated  in  this  way  before  thsy  org 


AOHBBMIINT  OF    MsaBUBINO-YbBBBLS   WITH    OnX    AiTOTHIR. 

221.  It  is  necessary  to  ascertain  that  all  the  different 
meaauring-vessels  agree  one  with  another  in  the  value  of 
their  graduations. 
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For  most  purposes  of  volumetric  analysis,  it  is  not  neces- 
sary that  each  vessel  should  he  ahsolutely  accurate,  when  it 
is  tested  hy  weighing  distilled  water  in  it  at  a  standard  tem- 
perature. It  is  sufficient  that  the  relative  value  of  the 
measurements  given  hy  the  different  vessels  should  corre- 
spond.    This  relative  correspondence  is  ahsolutely  necessary. 

Thus  two  quarter-litres  when  delivered  into  the  half-litre 
measuring-flask  must  fill  it  to  its  graduation ;  and  the  50  c.c. 
pipette,  when  its  contents  are  emptied  five  times  in  succes- 
sion into  the  quarter-litre  measuring-flask,  must  exactly  fill 
it  to  its  graduation. 

Evidently  the  application  of  a  strictly  accurate  system  of 
correction  to  all  the  vessels  hy  water-calihration,  will  insure 
this  relative  accuracy.  By  proceeding  as  is  suggested  ahove, 
the  correctness  of  the  previous  calihration  can  he  ascertained. 


Indicators  usbd  in  thb  Volumbtric  Estimation  op 

Acids  and  op  Alkalis. 

The  following  indicators  serve  to  show  the  approach, 
and  finally  the  exact  attainment,  of  the  point  of  neutralisa- 
tion when  an  acid  and  alkali  are  mixed.  Other  indicators 
which  are  required  for  special  purposes  will  he  described 
hereafter. 

222.  General  Caution  in  using  Indicators. — It  should  be 
remembered  that  when  the  completion  of  a  reaction  is  ascer- 
tained by  means  of  an  indicator,  or  by  means  of  any  final  colour- 
change,  it  is  necessary  that  the  one  liquid  should  be  added 
to  the  other  in  all  cases  in  the  same  order,  else  the  results 
which  are  obtained  will  usually  not  exactly  correspond  with 
one  another. 

Thus,  if  litmus  is  used  as  an  indicator  while  an  acid  is  being 
added  to  standard  caustic  alkali  solution,  in  all  processes  of 
estimating  acid  by  the  alkali  in  the  presence  of  litmus,  the 
acid  should  if  possible  be  added  to  the  alkali  and  not  the 
alkali  to  the  acid. 


22a]  INDICATORS.  169 

223.  Litmus  Solatioa— This  solutioii  is  used  both  for 
acids  and  for  alkalis.  It  is  most  sensitive  when  it  is  of  a 
purple  colour.  The  presence  of  free  acid  causes  the  litmus  to 
assume  a  bright  red  tint :  the  presence  of  free  alkali  produces 
a  pure  blue  tint.     The  solution  may  be  prepared  as  follow& 

Digest  about  10  grams  of  solid  litmus  with  about  250  c.c. 
of  distilled  water  for  a  few  hours  in  a  warm  place.  Decant 
the  clear  liquid  from  the  residue,  and  add  dilute  nitric  acid 
in  sufficient  quantity  to  change  the  colour  of  the  solution  to 
distinct  purple. 

A  Kore  Sensitive  litmnB  Sdution  may  be  made  as  follows.  Extract 
all  the  ooloQiing-matter  from  the  solid  litmus,  by  repeatedly  digesting 
it  with  hot  water.  Evaporate  this  solntion  to  a  moderate  volume,  and 
convert  all  carbonates  present  into  acetates  by  adding  a  slight  excess  of 
acetic  acid.  Again  evaporate  the  solution  over  a  water-bath  until  it 
becomes  pasty,  and  then  add  an  excess  of  methylated  spirit.  The  spirit 
will  precipitate  the  blue  colouring-matter,  while  a  red  colouring-matter, 
t(>gether  with  the  alkaline  acetates,  will  remain  in  solution«  The  pre- 
cipitate is  transferred  to  a  filter,  and  is  washed  with  spirit.  It  is  then 
dissolved  in  warm  water,  and  the  solution  is  rendered  purple  by  the 
cautious  addition  of  dilute  nitric  acid. 

Litmus  solution  should  be  kept  in  a  corked  bottle,  the 
cork  being  deeply  grooved,  in  order  to  allow  free  access  of 
air  to  the  contents  of  the  bottle.  Even  when  this  precaution 
is  taken,  the  colour  of  the  Hquid  gradually  fades.  The 
colour  may  usually  be  restored,  however,  by  exposing  the 
solution  to  the  air  in  an  open  dish. 

Small  quantities  of  this  solution  may  be  conveniently 
transferred  to  the  solutions  which  are  to  be  titrated,  by 
means  of  a  small  pipette  made  by  drawing  out  a  piece  of 
glass  tube  at  one  end.  The  pipette  is  fitted  into  a  perfora- 
tion in  the  cork,  which  is  in  the  neck  of  the  store-bottle. 

When  some  litmus  solution  is  to  be  removed,  the  narrow 
end  of  the  pipette  is  immersed  in  the  liquid,  and  the  upper 
end  is  closed  by  the  finger.  By  this  means  the  requisite 
quantity  of  liquid  can  be  taken  out.  If  definite  quantities 
of  the  solution  are  to  be  used,  file  marks  may  be  made  on 
the  tube  to  denote  the  volumes.  The  pipette  may  be 
marked  for  the  dehvery  of  2  cc,  1  c.c,  and  0*5  o.o« 
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The  presence  of  free  carbonic  acid  in  solution  changes  the 
blue  colour  of  litmus  to  reddish-purple.  Accordingly  when 
an  acid  solution  is  added  to  an  alkaline  carbonate,  the  litmus 
solution  acquires  a  reddish  tint,  before  the  point  of  neutralisa- 
tion of  the  carbonate  by  the  acid  is  arrived  at.  The  error 
which  would  arise  from  this  source  is  prevented  by  removing 
the  carbonic  acid  by  boiling  the  liquid.  The  point  of 
neutrality  is  known  to  have  been  just  passed,  and  the 
reaction  is  therefore  complete,  when  the  solution  has  as- 
sumed a  bright  red  colour  which  does  not  change  when  the 
liquid  is  boiled. 

Litmus  solution  indicates  correctly  mineral  acids  and 
oxalic  acid,  and  its  indications  are  not  interfered  with  by 
the  presence  of  ammonium  salts. 

224.  Litmus  Paper. — A  moderately  strong  solution  of 
purple  neutral  litmus  solution  (223)  is  prepared,  and  strips 
of  glazed  paper  are  drawn  through  it.  The  strips  are  hung 
up  to  dry  in  a  room  free  from  acid  fumes.  Ordinary  glazed 
paper  produces  a  more  sensitive  test-paper  than  filter-paper 
does. 

225.  Cochineal  Solution.— This  indicator  is  not  affected 
in  colour  by  carbonic  acid.  It  also  possesses  the  advantage 
over  litmus  that  the  change  of  colour  produced  by  free  acid 
can  be  more  readily  seen  by  gas-light  and  in  the  presence 
of  coloured  organic  matter. 

The  solution  is  prepared  by  digesting  about  10  grams  of 
powdered  cochineal  for  several  hours  at  a  gentle  heat  in  a 
litre  of  weak  spirit,  made  by  mixing  200  c.c.  of  methylated 
spirit  with  800  c.c.  of  water.  The  clear  liquid  is  decanted 
from  the  sediment,  and  is  then  ready  for  use. 

The  colour  of  the  solution  is  yellow,  and  this  is  turned 
to  reddish-violet  by  alkalis.  This  reddish-violet  solution 
of  cochineal  is  changed  to  yellow  again  by  mineral  acids, 
but  is  not  easily  affected  by  weak  organic  acids.  The 
solution  should  not  be  used  in  the  presence  of  compounds 
of  iron  or  of  aluminium,  or  of  acetates. 
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226.  Tnnneric  Paper. — Turmeric  paper  may  be  used  as 
an  indicator  in  estimating  CO^  in  air  by  Pettenkofer's 
metbod.  Tbe  yeUow  colour  of  the  paper  is  changed  to 
reddish-brown  by  alkalis.  Since  turmeric  is  gradually 
bleached  by  exposure  to  daylight,  the  test-paper  should  be 
kept  in  the  dark. 

The  paper  is  prepared  as  follows.  Powdered  turmeric-root 
is  digested  two  or  three  times  with  small  quantities  of  water. 
This  treatment  removes  some  objectionable  inert  colouring- 
matter.  The  active  colouring-matter  is  then  extracted  by 
digesting  the  powder  with  methylated  spirit,  which  has  been 
diluted  with  twice  its  volume  of  water.  Strips  of  filter- 
paper  are  drawn  through  the  clear  solution  thus  obtained, 
and  are  hung  up  to  dry  in  the  air,  with  as  little  exposure  to 
daylight  as  possible. 

227*  Methyl  Orange. — This  substance  is  also  known  as 
Tropaeolin  D,  or  Orange  III.  In  alkaline  solution  its 
colour  is  yellow,  but  this  colour  changes  to  red  on  the 
addition  of  a  mineral  acid.  The  change  of  colour  is  not 
produced  by  carbonic  acid  or  other  feeble  acids.  Hence  this 
indicator  may  be  used  for  the  titration  of  the  more  powerful 
mineral  acids  in  the  presence  of  carbonic  acid,  hydrogen 
sulphide,  and  the  feebler  organic  acids. 

The  solution  is  prepared  by  dissolving  1  gram  of  methyl- 
orange  in  a  small  quantity  of  methylated  spirit,  and  making 
the  solution  up  to  1  litre  with  methylated  spirit  which  has 
been  diluted  with  its  own  volume  of  water.  The  solution 
does  not  decompose  or  undergo  change  by  being  kept. 

228.  Phenol  Phfhalein.— The  solution  of  this  indicator 
in  alcohol  is  colourless.  When  a  few  drops  are  added  to 
the  solution  of  an  alkali,  the  liquid  assumes  an  intense  red 
colour :  this  colour  is  readily  destroyed  by  the  addition  of 
an  excess  of  either  mineral  or  organic  acid.  Phenol-phthalein 
cannot  be  used  in  the  presence  of  carbonic  acid,  or  of 
ammonium  salts;  it  is  therefore  not  suitable  for  titrating 
ammonia  by  an  acid. 
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Standard  Solutions. 

22p.  Standard  Solutioiia — The  solutions  of  definite 
strength  which  are  nsed  in  yolmnetric  analysis  are  termed 
Standard  Solutiona.  A  standard  solution  may  be  made  of 
any  strength,  which  is  suitable  for  the  particular  estimation 
to  which  it  is  applied. 

230.  Normal  Solution. — A  standard  solution  is  said  to  be 
of  Normal^  or  Equivalent  Strength,  when  1  litre  contains 
the  equivalent  weight  in  grams  of  an  element,  acid,  alkali, 
or  salt. 

By  the  term  equivalent  is  understood  the  weight  in  grams 
of  the  substance  which  is  chemically  equivalent  to  1  gram  of 
hydrogen,  to  40  grams  of  NaHO,  to  36 '5  grams  of  HGl,  or  to 
53  grams  of  Na^GOg. 

Thus  a  normal  solution  of  KOH  contains  56*1  grams  of 

the  solid  substance  per  litre,  and  a  normal  solution  of  HNO3 

contains  63  grams  of  the  acid  in  the  litre.     But  the  normal 

106*12 
solution  of  NajjCOg  will  contain  only  — - — =53*06  grams 

of  that  salt  per  litre,  since  two  molecules  of  monobasic  hydro- 
chloric acid  are  required  to  neutraHse  one  molecule  of  sodium 
carbonate.      Similarly,  the  normal  solution  of  dibasic  sul- 

98 
phuric  acid  will  contain  only  -_.  =  49  grams  per  litre. 

A  solution  of  one-half  the  normal  strength  is  termed  a 

Semi-normal  Solution  (~q~)  ;  if  it  is  of  one-tenth  the  normal 

strength  it  is  known  as  Deci^norm^  ( Tn)^  ^^^  if  it  is  of 
one-hundredth  the   normal  strength,   it  is  a   Gentinormal 

(ioo) 


Solution  (  r^r^Y 


231.  Molecular    Solution. — A  standard  solution  which 
contains  the  molecular  weight  of  the  substance  in  grams 
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in  1  litre,  may  be  distinguished  as  a  Molecular  Solution, 
Solutions  of  fractional  strength  being  distinguished  by  the 
prefixes  semi-,   deci-,  and   centi-  respectively.     These  are 

shortly  denoted  by  -^,   _,  and  — . 


Storagb  and  Preservation  of  Standard  Soltttions. 

232.  A  Winchester  qnart-bottle  is  suitable  for  the 
storage  of  large  quantities  of  solution.  The  bottle  which 
is  to  contain  the  solution  should  not  only  be  clean  but  dry. 
If  it  has  been  recently  washed  and  is  still  wet  inside,  it 
must  be  rinsed  out  with  a  portion  of  the  standard  solution, 
since  the  moisture  in  the  interior  of  the  bottle  would  alter 
the  strength  of  the  standard  solution.  As  soon  as  the 
solution  has  been  introduced,  the  bottle  should  be  securely 
stoppered.  It  is  then  immediately  labelled  with  the  name, 
strength,  and  date  of  the  preparation  of  the  solution.  The 
label  should  also  bear  the  initials  of  the  maker  of  the 
solution. 

Evaporation  of  water  from  the  standard  solution  invariably 
occurs  when  the  bottle  is  opened  for  use,  and  may  even 
take  place  slowly  while  the  bottle  is  dosed.  Some  substances 
also  undergo  chemical  change  in  solution  in  course  of  time. 
Hence  a  standard  solution  usually  alters  in  strength  when  it 
is  stored.  The  amount  of  this  alteration  will  depend  upon 
the  substance  dissolved,  the  age  of  the  solution,  and  the  fre- 
quency with  which  it  is  used.  An  opinion  may  be  formed 
as  to  the  probable  risk  of  serious  change  in  the  strength  of 
the  solution  by  noting  the  date  of  its  preparation. 

It  must  further  be  remembered  that,  unless  the  bottle  is 
completely  filled  with  the  solution,  internal  evaporation  and 
condensation  will  lead  to  the  formation  of  drops  of  pure 
water  on  the  upper  part  of  the  interior  of  the  bottle.  Care 
must,  therefore,  be  taken  to  shake  the  bottle  before  removing 
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the  stopper,  so  as  to  mingle  this  water  once  more  with  the 
solution. 

Loss  by  evaporation  is  checked  by  drawing  a  tightly-fitting 
rubber  cap  or  finger-stall  down  over  the  stopper  and  neck 
of  the  bottle.  This  not  only  keeps  the  stopper  firmly  in  its 
seat,  but  also  forms  a  waterproof  covering  which  serves  to  keep 
the  lip  of  the  bottle  clean. 

Another  method  of  preventing  evaporation  is  to  close  the 
bottle  with  a  rubber  stopper  instead  of  with  an  ordinary 
cork.  Or  a  glass  stopper,  which  is  somewhat  too  small  for 
the  neck  of  the  bottle,  may  be  used;  the  stopper  has  a 
suitable  piece  of  tightly-fitting  black  rubber  tubing  drawn 
over  it :  the  stopper  is  then  virtually  a  rubber  one.  Rubber 
stoppers  are  always  to  be  preferred  for  bottles  containing 
solutions  of  caustic  alkali,  since  a  glass  stopper  becomes  set 
fast  in  its  seat  by  the  action  of  the  alkali  upon  the  glass. 

Standard  solutions  should  be  kept  in  a  cool  place,  since 
the  evaporation  of  water  from  the  solution  will  naturally  be 
less,  as  the  temperature  of  the  store-room  is  lower. 

Some  standard  solutions  undergo  chemical  change  by  the 
action  of  light,  and  should  therefore  be  kept  in  the  dark. 
A  cold,  dark  closet  or  cellar  is  generally  the  most  suitable 
place  of  storage  for  standard  solution. 


PAET  III.-SEOTIOI^  VI. 


ALBLAlilMBTRY  AND  ACIDIMBTRY. 


The  stndent  should  note  that  inaDy  directions  and  precautions, 
which  are  of  general  importance  in  the  preparation  of  standard  solu- 
tions, are  given  in  paragraphs  233-239.  These  are  not  repeated  in 
the  subsequent  portions  of  the  text. 


KOBKAL   SODIUK   CaBBONATK   SOLUTION. 

233.  This  is  a  semi-molecular  solution,  and  contains  53*06 
grams  of  Na^COj  per  litre. 

In  describing  the  general  method  of  preparing  this  liquid, 
it  must  be  remembered  that,  during  the  solution  of  sodium 
carbonate  in  water,  contraction  of  volume  occurs.  A  similar 
contraction  occurs  in  the  preparation  of  many  other  solutions. 
Hence  a  standard  solution  cannot  be  obtained  by  pouring 
water  upon  the  requisite  weight  of  the  salt  until  the  necessary 
volume  is  attained.  The  only  plan  is  to  make  up  the 
solution  of  the  salt  to  its  true  volume  in  the  measuring-vessel 
itself,  by  adding  water  at  the  proper  temperature,  and  con- 
stantly mixing  it  with  the  solution. 

234.  Preparation  of  the  Solutioa—NagGOs  is  most 
readily  obtained  in  the  pure  state  by  igniting  pure  sodium 
bicarbonate. 

The  bicarbonate  should  first  be  tested  for  traces  of  chloride  and 
sulphate.  This  is  effected  by  shaking  it  for  some  time  in  a  stoppered 
bottle  with  a  small  quantity  of  distilled  water,  and  then  applying  the 
necessary  tests  to  the  clear  liquid.     If  chloride  or  sulphate  is  present. 
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about  100  grams  of  the  bicarbonate  are  shaken  with  a  small  quantity 
of  distilled  water,  the  salt  is  allowed  to  settle,  and  the  liquid  is 
decanted.  The  washing  is  repeated  with  fresh  portions  of  distilled 
water,  until  the  last  washing-water  gives  no  reaction  for  sulphate  or 
for  chloride  ;  the  bicarbonate  is  then  drained  on  a  porous  tile  and  is 
dried  by  pressing  it  between  dry  sheets  of  filter-paper. 

100  C.C.  of  the  normal  solution  will  suffice  for  present 
purposes.     This  is  prepared  as  follows. 

About  9  grams  of  the  pure  bicarbonate  are  spread  in  a 
thin  layer  inside  a  weighed  platinum  or  porcelain  dish.  The 
dish  and  its  contents  are  then  heated  over  a  Bunsen-flame 
to  dull  redness  for  about  twenty  minutes,  care  being  taken 
not  to  fuse  the  salt.  After  the  dish  has  cooled  in  a  desiccator, 
it  is  weighed.  It  is  then  heated  again  for  ten  minutes, 
allowed  to  cool,  and  weighed.  These  processes  are  repeated 
until  the  weight  remains  constant.  The  weight  of  pure 
Na^COg  in  the  dish  is  now  found  by  subtracting  the  weight 
of  the  dish.  The  standard  solution  may  be  prepared  from 
this  carbonate  according  to  the  directions  given  in  (a)  or  in 
(b),  and  is  at  once  stored  in  an  accurately-stoppered  bottle. 

(a).  The  Volume  of  the  Normal  Solution,  which  would 
contain  the  above  weight  of  Na^GO^  is  found  hy  Ckdcur 
lotion  ;  the  carbonate  is  dissolved  and  the  solution  is  inade  up 
to  this  volume, — Thus  if  the  sodium   carbonate  weighed 

5-7  grams,  it  will  furnish     ^.^^^     =  107-4  c.c.  of  the  normal 

solution,  since  5*306  grams  of  Ka^COg  are  required  for 
100  C.C.  of  normal  solution.     The  procedure  is  as  foUows. 

The  weighed  carbonate  is  transferred  from  the  dish  to 
a  small  beaker  without  loss ;  and  the  dish  is  rinsed  out  into 
the  beaker  with  successive  smdU  quantities  of  hot  distilled 
water,  until  every  trace  of  the  carbonate  has  been  removed. 

The  carbonate  is  then  dissolved  by  stirring  it  with  the  water 
in  the  beaker ;  the  solution  is  poured  down  the  stirring-rod 
into  the  100  c.c.  Hask,  and  the  beaker  is  rinsed  with  three  or 
four  successive  small  quantities  of  water,  which  are  also 
poured  down  the  rod  into  the  flask. 
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The  liquid  is  uow  made  nearly  up  to  the  100  cc.  mark 
with  distilled  water  at  15**5,  and  is  constantly  mixed  by 
shaking.  The  neck  of  the  vessel  is  then  closed  by  a  glass 
stopper  or  by  a  clean  dry  rubber  cork,  and  its  contents  are 
thoroughly  mixed  by  shaking.  The  solution  is  finally  made 
up  precisely  to  the  mark,  by  placing  the  vessel  on  a  level 
surface,  and  slowly  filling  in  water  from  a  pipette,  or 
burette,  or  from  a  wash-bottle  with  a  fine  jet.  The  bottom 
of  the  meniscus  of  the  liquid  surface  must  now  just  touch 
the  graduation. 

The  volume  of  water  required  to  make  the  liquid  up  to 
107 '4  c.c,  which  in  the  above  example  amounts  to  7*4 
cc,  is  then  added  from  a  burette,  and  the  liquid  is  once 
more  thoroughly  mixed. 

It  may  be  necessary  to  transfer  the  measured  liquid  from 
the  flask  to  a  stoppered  bottle,  draining  the  flask  into  the 
bottle,  and  then  rinsing  it  out  into  the  bottle  by  means  of  the 
water  to  which  has  to  be  added. 

(b).  The  Weight  of  the  Sodium  Carbonate  is  brought  to  exactly 
6*806  grams  ;  this  is  dissolved,  and  is  made  up  wUh  water  to  100  cc. 
The  adjustment  of  the  weight  of  the  carbonate  may  be  effected  by 
removing  small  quantities  of  the  carbonate  from  the  dish  with  the 
point  of  a  pen-knife,  while  the  dish  is  on  the  scale-pan,  the  weights 
having  been  first  adjusted  on  the  other  pan  so  as  to  be  equal  to  the 
weight  of  the  dish +  5 '806  grams.  The  salt  is  then  dissolved,  and  the 
liquid  is  brought  to  the  requisite  volume  as  is  described  above  (a). 
The  solution  will  be  normal,  when  the  flask  has  been  filled  exactly  to 
the  graduation,  and  the  liquid  has  been  well  mixed. 


NOBUAL   SULFHTTBIC   AoiD   SOLUTION. 

235.  This  solution  is  a  semi-molecular  one,  and  should 
therefore  contain  49*03  grams  of  pure  HgSO^  per  litre. 

The  general  procedure  for  the  preparation  of  the  solution 
is  as  follows.  An  appropriate  quantity  of  pure  strong  oil 
of  vitriol  is  diluted  with  water  in  a  thin  glass  vessel  The 
hot  mixture  is  then  cooled,  and  its  strength  is  ascertained  by 
titrating  a  portion  of  it  with  the  standard  sodium  carbonate 

M 
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solution  (234).  As  soon  as  the  strength  of  this  diluted 
acid  is  accurately  known,  the  amount  of  further  dilution 
with  water,  which  is  necessary  in  order  to  reduce  it  to  the 
normal  condition,  m^y  be  easily  calculated. 

236.  Preparation  of  the  Solution.— 30  c.c.  of  pure  oil 
of  vitriol  are  allowed  to  flow  into  about  200  c.c.  of  distilled 
water  contained  in  a  thin  glass  flask.  The  liquids  are  well 
mixed,  and  the  mixture  is  cooled  by  shaking  it  round 
while  a  stream  of  tap  water  flows  over  the  flask.  The 
cold  liquid  is  transferred  to  a  litre  flask,  and  its  volume  is 
made  up  to  one  litre  with  constant  mixing.  A  portion  is 
then  titrated  with  the  standard  sodium  carbonate  solution 
as  is  described  below. 

Preliminary  Titration  of  the  Acid  Solution, — A  clean  and 
well-drained  20  c.c.  pipette  is  rinsed  out,  by  partly  filling  it 
with  the  normal  sodium  carbonate  solution  by  suction, 
shaking  the  liquid  round  in  the  pipette,  and  allowing  it  to 
flow  away  into  the  sink.  The  pipette  is  then  once  more 
charged  with  the  normal  solution  exactly  to  the  20  c.c.  mark, 
by  sucking  up  more  than  the  requisite  volume,  quickly 
applying  the  first  finger  to  the  top  of  the  pipette,  and  slowly 
allowing  the  excess  to  flow  out.  The  20  c.c.  of  liquid  is 
delivered  into  an  8-oz.  flask,  and  water  is  added. 

If  the  interior  of  the  pipette  was  not  only  clean  but  perfectly  dry, 
the  preliminary  rinsing  with  the  solution  may  be  neglected,  since  in 
that  case  there  is  no  danger  of  dilating  the  standard  solution  with 
water  adhering  to  the  interior  of  the  pipette. 

A  burette  has  now  to  be  charged  with  the  diluted  acid. 
If  the  interior  of  the  burette  is  not  perfectly  dry,  it  must  be 
rinsed  out  with  a  small  quantity  of  the  acid,  which  is  rejected. 
The  burette  is  then  filled  with  the  acid,  and  air-bubbles  are 
carefully  removed  from  the  tap  or  jet  below,  by  allowing 
some  of  the  liquid  to  flow  rapidly  through  into  the  bottle. 
The  burette  is  then  finally  filled  precisely  to  the  zero  mark. 

A  few  drops  of  methyl-orange  solution  (227)  *^  ^^^ 
added  to  the  sodium  carbonate  solution  in  the  flask,  in  order 
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to  furnish  an  indication  when  the  sodium  carbonate  has  been 
exactly  neutralised  by  the  addition  of  the  dilute  acid  from 
the  burette. 

The  flask  is  placed  upon  a  white  plate  or  tile,  and  the  acid 
from  the  burette  is  dropped  gradually  into  the  sodium 
carbonate  solution,  and  is  constantly  mixed  with  the  solution 
by  shaking  it.  The  addition  of  acid  is  continued,  until  the 
yellow  colour  of  the  liquid  just  begins  to  change  to  red. 

It  is  important  that  the  acid  should  be  added  in  the 
slightest  possible  excess.  The  change  to  permanent  red 
must  therefore  be  produced  only  by  the  addition  of  the  last 
drop  of  acid. 

If  Neutral  litmnB  Bolntion  (223)  is  used  as  the  indicator  in  this 
titration,  it  must  be  remembered  that  the  change  of  colour  to  red  does 
not  indicate  complete  neutralisation  by  the  conyersion  of  the  alkaline 
NasGOj  into  neutral  Na2S04,  because  the  CO2,  which  is  liberated  in 
the  reaction,  dissolyes  in  the  cold  liquid  and  exerts  an  acid  reaction 
upon  the  litmus. 

In  order  to  expel  this  dissolved  CO2,  the  liquid  in  the  flask  is  boiled 
for  a  few  minutes,  and  the  blue  colour,  which  is  thus  restored,  is  again 
just  converted  into  bright  red  by  the  cautious  addition  of  acid  from 
the  burette. 

The  liquid  is  now  once  more  boiled,  and  if  the  red  colour  of  the 
litmus  remains  unchanged,  the  neutralisation  is  complete.  If  the 
colour  still  changes  when  the  solution  is  boiled,  the  above  processes 
must  be  repeated  until  the  liquid  remains  bright  red  after  it  has  been 
boUed  for  a  few  minutes. 

A  comparison-flask  may  be  prepared,  in  which  a  similar  quantity  of 
water  and  litmus  solution  has  been  made  distinctly  red  by  the  addition 
of  acid.  This  will  serve  to  show  the  bright  red  tint  which  must  be 
obtained  in  the  test-flask. 

The  volume  of  the  dilute  acid  solution,  which  has  been 
required  for  the  neutralisation  of  the  sodium  carbonate  in 
the  flask,  is  now  read  off  on  the  burette  j  and  this  result  is 
confirmed  by  a  repetition  of  the  "  titration "  in  a  precisely 
similar  manner,  with  a  fresh  quantity  of  the  sodium  carbonate 
solution.  The  two  titrations  should  not  differ  by  more  than 
0-1  C.C. 

237.  Process  of  DUution  to  Normal  Strength, — These 
titrations  wiU  prove  that  the  acid  solution  is  somewhat  too 
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strong.     It  may  be  made  normal  by  proceeding  as  is  de- 
scribed in  the  following  example. 

In  a  special  case,  the  20  c.c.  of  the  alkaline  solution  were  ex- 
actly neutralised  by  18*4  c.c.  of  the  acid  solution.  It  follows 
that  18*4  cc.  of  the  acid  will  require  to  be  diluted  to  20  c.c. 
in  order  to  furnish  a  standard  acid,  which  is  exactly  equiva- 
lent to  the  alkaline  solution.  A  litre  of  normal  acid  is 
therefore  made  by  measuring  18*4  x  50  »  920  cc.  of  the  acid 
into  a  Htre  flask,  and  then  dOuting  this  to  1  litre  with 
distilled  water.  This  diluted  acid  is  now  thoroughly  mixed, 
and  is  once  more  titrated  with  the  alkaline  solution,  as  has 
been  already  described  (236),  in  order  to  ascertain  that  it  is 
correct. 

Titration  after  Storage, — The  acid  solution  usually  becomes 
more  or  less  altered  in  strength  after  it  has  been  stored  for 
some  time  (232).  Its  strength  will  therefore  require  to  be 
occasionally  ascertained  by  titrating  it  with  a  freshly- 
prepared  solution  of  sodium  carbonate. 

20  c.c.  of  the  solution  may  be  used  for  ascertaining 
its  strength  by  titration.  The  titration  may  be  effected  from 
a  50  cc.  burette,  which  should  furnish  enough  liquid  for  two 
titrations. 

238.  Correction  of  Standard  Solutions  by  means  of 
Factors. — It  is  not  usual  to  bring  back  a  solution,  which  is 
found  to  be  slightly  in  error,  to  its  true  standard.  Instead 
of  this  a  correction  is  applied  to  the  solution  when  it  is  used. 
This  method  of  correcting  the  solution  will  be  rendered 
intelligible  by  the  following  example. 

In  a  special  case  19'8  c.c.  of  standard  acid  solution 
were  required,  instead  of  20  cc,  to  neutralise  20  c.c.  of 
freshly-prepared  normal  sodium  carbonate  solution.  Accord- 
ingly the  number  of  cc  of  this  acid  which  have  been 
employed  in  any  titration  will  require  to  be  multiplied  by 

20 
rQ:^=  I'Ol,  in  order  to  find  the  number  of  cc  which  would 

have  been  required  if  the  acid  had  been  normal     The  num- 
ber 1*01  is  termed  the  '*  Factor  "  of  the  solution. 
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"  The  Factor,"  which  is  required  for  the  correction  of  a 
standard  solution,  should  be  entered  upon  the  label  of  the 
bottle  from  time  to  time,  with  the  date  of  its  determination 


Normal  Sodium  Htdratb  Solution. 

239.  A  solution  is  prepared  by  dissolving  about  44  gram 
of  sodium  hydrate,  purified  by  alcohol,  in  water. 

It  the  Bolntion  is  required  to  be  free  from  eodinm  carbonate  and 
from  other  sodium  componnds,  it  may  be  prepared  by  the  action  of 
metallic  aodimn  upon  distilled  water. 

Sodinm  hydrate  solution  is  prepared  from  metallic  sodium  as 
follows.  About  25  grams  of  clean  sodium  are  cut  into  small  pieces. 
These  pieces  are  introduced,  one  by  one,  into  recently  boiled  and 
cooled  distilled  water  contained  in  a  platinum  or  silyer  dish.  The 
dish  is  covered  with  a  clock-glass  immediately  after  the  addition  of 
each  piece  of  metal,  in  order  to  prevent  the  loss  of  NaOH  by  spirting ; 
and  the  reaction  is  allowed  to  complete  itself,  before  each  successive 
addition  of  the  metal. 

The  strong  solution  of  the  hydrate  is  now  diluted  to  a  litre 
with  distilled  water,  which  may  have  been  recently  boiled  and 
cooled  so  as  to  insure  its  freedom  from  carbonic  acid.  20  c.c. 
of  the  solution  are  then  mixed  with  a  few  drops  of  methyl- 
orange  (227),  and  are  titrated  by  adding  normal  sulphuric 
acid  (255)  from  a  burette.  The  sodium  hydrate  solution  is 
then  brought  to  the  normal  strength  by  diluting  it  to  the 
requisite  extent  with  distilled  water  (237). 

This  solution  should  be  again  titrated  occasionally  by 
means  of  the  standard  acid,  since  it  is  subject  to  change 
when  kept.  The  bottle,  which  contains  it,  should  be  closed 
by  a  rubber  stopper  (232),  since  a  glass  stopper  is  apt  to 
become  set  fast  by  the  action  of  the  alkali  upon  the  glass. 
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KORMAL  HtDROGHLOBIO   AoID   SOLUTION. 

240.  Pure  strong  hydrochloric  acid  has  a  specific  gravity 
of  1*14,  and  contains  28  per  cent,  of  HCl.  About  150  c.c. 
of  this  acid  are  diluted  to  a  litre.  The  exact  strength  of 
this  solution  is  ascertained  by  titration  with  normal  sodium 
hydrate  solution  (239)  according  to  the  directions  given  in 
par.  236.  The  acid  solution  is  then  brought  to  standard 
strengtii  by  dilution  with  water  (237). 


Estimation  op  the  Total  Acid  in  Vinegar. 

241.  This  estimation  depends  upon  finding  the  amount  of 
semi-normal  sodium  hydrate  solution,  which  is  required  to 
neutralise  the  acid  present  in  a  known  quantity  of  the 
vinegar. 

25  C.C.  of  the  semi-normal  sodium  hydrate  solution  (239) 
are  measured  by  a  pipette  into  a  small  flask.  The  vinegar  is 
then  added  to  the  -alkaline  solution  from  a  burette  with  con- 
stant mixing,  until  a  drop  of  the  liquid,  when  placed  upon 
litmus-paper  by  a  thin  glass  rod,  just  reddens  the  paper. 
This  indicates  the  end  of  the  titration. 

If  the  vinegar  is  colourless  or  nearly  so,  a  few  drops  of 
neutral  litmus  solution  may  be  added  to  the  liquid  in  the 
flask,  instead  of  using  litmus-paper,  and  this  renders  the 
process  of  titration  more  rapid. 

The  point  of  neutrality  is  still  more  rapidly  ascertained  by 
adding  a  little  phenol-phthalein  solution  instead  of  litmus  to 
the  sodium  hydrate  solution  in  the  flask.  The  vinegar  is 
added  from  the  burette  until  the  red  colour  disappears.  This 
indicator  may  be  used  even  with  slightly  coloured  vinegar, 
and  yields  more  accurate  results  than  litmus  does. 

In  calculating  the  percentage  weight  of  pure  acetic  acid 
which  is  present  in  the  vinegar,  it  should  be  noted  that  accord- 
ing   to    the   equation    CgH^Oa  +  NaOH  =  NaCaHgOg  +  HgO, 
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60*01  graniB  of  acetic  acid  exactly  neutralise  40*06  grams 

of  NaOH. 

Therefore  each  ac.  of  the  semi-normal  sodium  hydrate 

6001 
solution  will  neutralise   ^     1QQQ~^^^  gnjn  of  acetic  acid. 

The  amount  of  vinegar,  which  is  required  to  neutralise 
the  25  C.C.  of  sodium  hydrate,  will  accordingly  contain 
25  X  0*03  =  0*75  gram  of  acetic  acid.  The  number  of  c.c.  of 
vinegar  used  may  be  taken  as  the  weight  of  the  vinegar  in 
grams  (242),  and  the  percentage  weight  of  acetic  acid  in  the 
vinegar  is  then  calculated  by  proportion. 

242.  The  Weight-Burette. — For  ordinary  purposes  it  is  sufficiently 
aoourste  to  assume  in  the  aboye  calculation  that  each  a  a  of  yinegar 
weighs  1  gram.  This  assumption  is,  however,  only  absolutely  true  of 
pure  water  at  4"*  0.  And  since  the  specific  gravity  of  the  vinegar  diflfers 
slightly  from  that  of  water,  and  its  temperature  is  higher  than  4"  0., 
the  volume  of  the  vinegar  in  o.c.  must  be  brought  to  4**  0.,  and  this 
must  be  multiplied  by  its  specific  gravity  (23-26),  in  order  to  obtain 
the  true  weight  of  the  vinegar.  The  correction  thus  applied  neces- 
sitates the  determination  of  the  temperature  and  of 
the  specific  gravity  of  the  vinegar.  ^i^-  73. 

This  is  rendered  unnecessary,  if  the  ordinary 
measuring-burette  is  replaced  by  a  weight-burette 
(fig.  78).  The  weight-burette  is  a  small,  thin  flask 
with  a  narrow  delivery  neck,  and  a  broader  opening 
to  be  closed  by  the  finger.  The  clean  and  dry 
burette  is  half  filled  with  vinegar  and  weighed. 

The  vinegar  is   then    gradually  added   to   the 
sodium  carbonate  solution  precisely  as  is  directed  above  (241).    The 
burette  with  the  remaining  vinegar  is  again  weighed,  after  the  titra- 
tion has  been  finished.    The  weigM  of  vinegar,  which  has  been  used 
in  the  titration,  is  equal  to  the  difference  between  these  two  weighings. 

The  burette  must  be  kept  stoppered  when  it  is  not  in  use,  in  order 
to  guard  against  loss  of  weight  by  evaporation. 


Inbirbgt  Estimation  op  Barium  or  Calcium  in  Solution 
BY  Standard  Solutions  op  NagCOg  and  op  Acid. 

243.  The  method  consiBts  in  adding  a  known  volume  of 
deci-normal  sodium   carbonate  solution   (230,  233)  to  the 
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neutral  solution  containing  the  barium,  the  sodium  carbonate 
being  added  in  quantity  more  than  sufficient  to  precipitate 
the  whole  of  the  barium  as  carbonate.  After  the  solutions 
have  been  thoroughly  mixed  by  stirring,  the  barium  car- 
bonate is  removed  by  filtration  and  washed.  The  filtrate 
and  washings  are  mixed  and  made  up  to  a  known  volume, 
and  the  excess  of  sodium  carbonate  is  then  determined  in 
an  aliquot  part  of  this  liquid  by  titration  with  deci-normal 
hydrochloric  acid  solution  (230,  240). 

The  difference  between  the  quantity  of  sodium  carbonate 
thus  found  by  titration,  and  the  original  quantity  of  carbonate 
taken,  furnishes  the  weight  of  NagCOg,  which  is  necessary  to 
exactly  precipitate  the  barium  as  carbonate ;  and  from  this  the 
weight  of  barium  which  was  originally  present  in  the  solution 
may  be  calculated  as  is  shown  in  the  following  example. 

In  a  special  case  the  barium  solution  was  precipitated  by  adding  to 
it  80*2  O.C.  of  deci-normal  sodium  carbonate  solution.  The  excess  of 
sodium  carbonate,  contained  in  the  filtrate  and  washings,  required 
6*4  c.c.  of  deci-normal  hydrochloric  acid  for  its  neutralisation.  Hence 
the  volume  of  sodium  carbonate  solution,  which  was  required  to  pre- 
cipitate the  barium,  was  80*2  -  5*4 =24*8  c.c.  Each  c.c.  of  this  solution 
contains  0*005806  gram  of  Na^COg. 

Now  from  the  equation,  BaCla+NaaC05=BaC0,+ 2NaCa,  it  will  be 
seen  that  187*4  parts  by  weight  of  Ba  are  precipitated  by  106*1  of  NssCOg. 

Therefore    each    cc.    of    the    Na^COs    solution    corresponds    to 

^^^ =0*00687  gram  of  Ba. 

Hence  the  weight  of  Ba  which  was  present  in  the  above  solution 
is  24-8  X  0  00686 =0*169  gram, 

244.  A  Less  Bapid  and  Leas  Accurate  Method  consists  in  precipitat- 
ing the  barium  as  carbonate  from  a  known  quantity  of  its  neutral 
solution,  by  the  addition  of  sodium  carbonate  solution  in  excess. 
The  filtered  and  well -washed  precipitate  is  dissolved  in  a  known 
volume  of  deci-normal  hydrochloric  acid  (43,  44),  which  must  be  added 
in  slight  excess ;  the  solution  is  boiled  for  five  minutes,  and  the 
excess  of  acid  in  the  solution  is  then  titrated  by  adding  standaixl 
NaOH  solution  from  a  burette  in  the  presence  of  methyl-orange  (227). 

The  results  thus  obtained  furnish  the  necessary  data  for  finding  the 
weight  of  HCl,  which  is  required  to  convert  the  Ba  from  carbonate  into 
chloride :— BaCOa  +  2HC1  =  BaCl, + COg  +  HjO.  Fi-om  this  the  weight 
of  Ba  may  be  calculated. 
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Indirbot  Estimation  of  AMMONixnf  in  Solution  bt  means 
OF  Standard  Solutions  of  Sodium  Hydratb  and 
OF  AoiD. 

A  volametiic  method  for  estimating  ammonimn  directly  as  ammonia 
has  been  given  in  paragraph  139.  The  indirect  method  described  below 
may  be  applied  to  any  ammonium  salt  of  definite  composition  ;  this  ox- 
eludes  the  carbonate. 

245*  The  indirect  method  of  estimating  ammonium  in  its 
salts  depends  upon  decomposing  the  ammonium  compound 
by  boiling  it  with  excess  of  standard  sodium  hydrate  solution 
(239),  the  boiling  being  continued  until  no  more  NH3  escapes 
with  the  steam.  .The  excess  of  sodiimi  hydrate  present  in 
the  liquid  is  then  estimated  by  titration  with  a  standard 
acid,  using  litmus  or  methyl-orange  as  an  indicator. 

In  carrying  out  the  process,  the  ammonia  is  known  to  have 
been  completely  expelled,  when  a  strip  of  moistened  turmeric- 
paper  IB  no  longer  rendered  brown  by  the  escaping  steam. 

In  the  reaction  which  occurs,  the  quantity  of  sodium 
hydrate,  which  is  neutralised,  \a  proportional  to  the  amount 
of  ammonia  which  is  evolved.  This  is  shown  by  the  follow- 
ing equation,  which  represents  the  reaction  in  the  case  of 
ammonium  chloride : — 

NH^Cl  +  NaHO  =  NH3  +  NaCl  +  HjO. 

From  this  it  is  seen  that  17  049  grams  of  NH3  correspond 
to  40*063  grams  of  KaOH  neutralised. 

The  Following  Example  will  serye  as  an  illustration  of  the  process 
and  of  the  calcnlation. 

1*1802  grams  of  an  ammonium  salt  were  mixed  with  25  c.c.  of 
normal  sodium  hydrate  solution,  and  the  liquid  was  boiled  until 
turmeric-paper  was  no  longer  discoloured,  when  it  was  held  in  the 
escaping  steam.  The  liquid  was  then  coloured  by  the  addition  of  a 
few  drops  of  litmus  solution,  and  normal  or  semi-molecular  sulphuric 
acid  was  added,  until  the  litmus  just  turned  bright  red.  The  volume 
of  acid  required  was  5  cc. 
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Now,  aince  the  sodium  hydrate  and  the  aoid  solatioDS  are  equivalent 
to  one  another,  the  amount  of  sodium  hydrate  solution  which  has  been 
neutralised  by  the  ammonium  salt  is  25-5=20  c.c  And  since 
each  ca  of  the  NaOH  solution  is  equiyalent  to  0*017049  gram 
of  NH„  the  weight  of  NH,  present  is  20x0*017049=0*3409  gram. 

«n.      *      ^v  i.         **TTT  J.-   0*8409x100    ^^,^ 

Therefore  the  percentage  of  NH,  present  is  — I'I^qo — =50 '16. 

18  052X  80*16 
And  the  percentage  of  NH4  present  is  —  i7"^049 —  =31  •91* 


PAET  IIL-SEOTION   VII. 


PROOBSSBS  OP  OXIDATION  AND 

RBDUOTION. 


Estimation  of  thb  Availablb  Ghlobinb  in  Blbachino- 

POWDBR   BY   MBAN8   OP   AlKALINB   ArBBNITB. 

250.  The  composition  of  dry  bleaching-powder,  when  it  is 
in  the  freshly-prepared  state  and  fully  charged  with  chlorine, 
may  be  represented  by  the  formula  2CaOCl^Ca(OH)2.  When 
this  substance  is  treated  with  water,  it  3rields  a  liquid  which 
probably  contains  CaCl^  and  Ca(0Cl)2,  together  with  some 
Ca(0H)2.  The  value  of  the  bleaching-powder  depends  on  the 
amount  of  Ca(0Cl)2  which  can  be  thus  produced  from  it  by 
solution  in  water. 

In  the  ordinary  applications  of  bleaching-powder,  there  is 
little  doubt  that  the  nascent  oxygen  furnished  by  the  hypo- 
chlorite is  the  active  agent.  But  it  is  not  customary  to  esti- 
mate the  value  of  bleaching-powder  from  the  percentage  of 
the  hypochlorite,  or  of  the  nascent  oxygen  which  it  can  fur- 
nish. The  weight  of  chlorine,  which  is  chemically  equivalent 
to  this  oxygen,  is  ordinarily  returned,  and  this  is  termed  the 
"  available  chlorine." 

When  bleaching-powder  of  the  above  composition  is  acted 
upon  by  an  acid,  the  wliole  of  the  chlorine  is  "  available  "  and 
is  given  off : — 

2CaOCl2.Ca(OH)j  -t-  3H  jSO^  =  2G\  -^  SCaSO^  ■♦•  iH^O. 

Hence  the  weight  of  available  chlorine  in  good  bleaching- 
powder  corresponds  to  the  whole  of  the  chlorine  which  it 
contains.     Chlorine  compounds  may,  however,  be  present  in 
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bleaching-powder,  which  contain  chlorine  in  a  condition 
unavailable  for  purposes  of  chlorination  or  oxidation.  This 
may  arise  from  careless  preparation  or  storage  of  the  powder. 
Hence  the  available  chlorine  in  bleaching-powder  is  usually 
less  in  amount  than  the  total  weight  of  chlorine  present  in 
the  powder. 

The  formula  already  given  represents  bleaching-powder 
which  contains  about  40  per  cent,  of  chlorine.  But  bleach- 
ing-powder does  not  commonly  contain  more  than  35  per 
cent,  of  available  chlorine,  and  the  percentage  sometimes 
falls  as  low  as  20. 

The  amount  of  nascent  oxygen,  which  bleaching-powder 
can  yield,  or  its  equivalent  of  "  available  chlorine,"  may  be 
estimated  in  several  ways.  Three  methods  are  described  in 
paragraphs  25I>  262,  and  293  respectively. 

251.  Estimation  of  the  Available  Chlorine  in  Bleaching- 
powder  by  the  Oxidation  of  an  Alkaline  Arsenite. — When 
solution  of  bleaching-powder  is  brought  into  contact  with  an 
alkaline  arsenite,  the  relative  amounts  of  arsenious  oxide  and 
of  oxidising  agent  which  act  upon  one  another  are  shown  by 
the  following  equation : — 

AsgOg  +  Ca(0Cl)2  =  AsgOj  +  CaCla. 

Here  the  semi-molecule  of  arsenious  oxide  (As^O^)  is  oxidised 
by  0^,  and  this  0^  ia  chemically  equivalent  to  GI4.  Hence 
the  amount  of  oxidation  is  a  measure  of  the  "available 
chlorine."  The  following  process  of  estimation  depends  upon 
this  reaction. 

The  Standard  Solution  of  Arsenious  Oxide, — The  most 

convenient  weight  of  arsenious  oxide  for  this  solution  is  the 

semi-molecular  weight  (AsgOg)  divided  by  40.     This  gives  a 

deci-normal  solution,  since  AS2O3  corresponds  to  G]^  in  the 

process  of  titration. 

198 
Accordingly  —  =  4*95  grams  of  pure  resublimed  arsenious 

oxide  (83, Exp.  28)  are  weighed  out  accurately  into  an  18oz. 
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flask,  and  about  25  grams  of  pure  sodium  carbonate  crystals 
are  added.  The  flask  is  then  half  filled  with  water,  and  is 
heated  on  the  water-bath  until  the  arsenious  oxide  is  dis- 
solved. The  solution  is  cooled  under  the  water-tap,  by  plac- 
ing a  small  inverted  beaker  over  the  neck  of  the  fla^,  and 
then  allowing  a  gentle  stream  of  cold  water  to  run  upon  the 
beaker  and  thence  over  the  surface  of  the  flask. 

As  soon  as  the  liquid  is  cooled  down  to  Ib'^'b  C,  it  is 
transferred  to  a  litre-flask,  and  the  solution  is  made  up  to 
1  litre  with  water  at  15**5.  After  the  contents  of  the  flask 
have  been  well  shaken,  they  are  transferred  to  a  clean  dry 
bottle,  which  is  at  once  labelled  with  the  name  and  strength 
of  the  solution,  and  the  date  of  its  preparation. 

198 
Each  C.C  of  this  solution  will  contain  -p^r — _-_.  =  0*00495 

40  X 1000 

gram  of  arsenious  oxide,  and  this  corresponds  to  0*003545 

gram  of  CL 

FreparcUion  of  the  BUacking-powder  Liquid, — Weigh  out 
on  an  open  balance  10  grams  of  the  bleaching-powder.  Place 
the  powder  in  a  smooth  porcelain  mortar,  preferably  one 
which  is  glazed  inside,  and  add  a  few  c.c  of  water.  Bub 
the  mixture  into  a  paste  by  means  of  the  pestle ;  then  add 
more  water,  and  continue  the  rubbing  until  a  thin  cream  is 
formed.  Allow  the  solid  to  subside  and  decant  the  super- 
natant liquid  into  a  litre-flask. 

Then  triturate  the  residue  repeatedly  with  fresh  quantities 
of  water,  stirring  up  the  liquid  and  pouring  it  off  after  each 
addition,  until  tiie  whole  of  the  solid  has  been  transferred 
to  the  flask.  Finally,  fill  up  the  flask  to  the  mark  with  water, 
and  mix  its  contents  well  by  shaking.  The  liquid  will  always 
be  milky,  because  bleaching-powder  is  not  completely  soluble 
in  water.  The  solution  must  be  at  once  quickly  titrated, 
since  it  undergoes  rapid  change. 

lodide-Starch-paper  is  then  prepared  as  follows.  Shake 
up  one  part  of  pure  starch  with  about  a  hundred  parts  of 
distilled  water,  and  heat  the  mixture  to  boiling.     Then  add 
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about  one  part  of  pure  potassium  iodide,  and  pour  o£f  the 
clear  liquid  from  any  sediment  which  may  be  present. 
Moisten  strips  of  unsized  paper  with  this  solution,  and  dry 
them  in  the  air.  Keep  the  paper  in  a  well-stoppered 
bottle. 

Ths  Process  of  Titration, — Withdraw  25  cc.  of  the  freshly 
made  and  recently  mixed  bleaching-powder  solution  by 
means  of  a  pipette,  and  allow  it  to  flow  into  a  flask. 
Rinse  out  a  50  cc  burette  with  a  little  of  the  standard 
arsenite  solution,  and  then  fill  it  above  the  zero  mark  with 
the  same  solution.  Allow  the  liquid  to  flow  out  until  the 
meniscus  stands  at  the  zero  graduation,  making  sure  that  the 
rubber  joint,  or  the  tap,  contains  no  air-bubbles. 

Now  allow  the  arsenite  solution  to  flow  gradually  and 
with  continuous  stirring  into  the  25  cc  of  bleaching-powder 
liquid.  Take  out  a  small  drop  of  the  liquid  from  time  to 
time  by  means  of  a  glass  rod,  and  bring  it  into  contact  with 
a  moistened  strip  of  the  iodide-starch-paper,  placed  on  a 
white  tile.  As  soon  as  no  blue  coloration  is  produced  upon 
the  paper,  the  determination  is  finished.  The  volume  of 
liquid  which  has  flowed  from  the  burette  is  then  read  off. 

Two  titrations  should  be  made,  and  they  should  not  differ 
from  one  another  by  more  than  ^j^  cc 

From  the  volume  of  arsenite  solution,  which  has  been 
required  for  the  titration,  the  weight  of  available  chlorine 
present  in  the  10  grams  of  bleaching-powder  may  be  calcu- 
lated, and  from  this  the  percentage  weight  of  available 
chlorine  present  in  the  bleaching-powder  is  deduced. 

The  Following  Example  is  a  record  of  the  results  which  were 
obtained  in  an  estimation,  together  with  the  calculation  of  the  per- 
centage of  **  available  chlorine  "  present  in  the  bleaching-powder  :— 

10  grams  of  bleaching-powder  were  treated  with  water  and  made 

up  to  1  litre. 
25  CO.  of  this  liquid  required  20*7  cc  of  the  arsenite  solution. 
Since  1  cc  of  the  arsenite  solution  corresponds  to  0*008545  gram 

of  CI,  the  weight  of  CI  in  25  cc  of  the  bleaching-powder 

liquid  is  20*7  x  0*008545  =  0*07888  gram. 


252,  258.]        STANDARD  DICHROMATB  SOLUTION.  191 

Now  the  25  c.c.  of  liquid  titrated  correspond  to  0*25  gram  of  bleach- 
ing-powder ;  therefore  the  percentage  weight  of  available 
chlorine  in  the  bleaching-powder  is 

0-07888  X  100 


0-25 


=29-86. 


Two  other  Methods  for  estimating  the  available  chlorine  in 
bleaching-powder  are  given  in  paragraphs  262  and  293. 


USE   OF  FOTA88IX7M  DIOHBOMATE   SOLUTION. 

252.  Acidified  potassium  dichromate  solution  readily  im- 
parts a  portion  of  its  oxygen  to  various  substances,  and  is 
itself  reduced  to  a  salt  of  chromium,  which  remains  mixed 
with  a  salt  of  potassium.  Advantage  is  taken  of  this 
property,  in  the  estimation  of  ferrous  salts  and  of  other 
oxidisable  substances. 

253.  Thus  an  acidified  solution  of  ferrous  salt  is  at  once 
converted  into  ferric  salt  by  the  addition  of  potassium 
dichromate  solution.    The  reaction  is  thus  represented: — 

6FeS04 + KjOaO, + 8H9S64 = STQjiSO^)^  +  CraCSO^), + 2KHSO4  +  7HjO. 

From  this  equation  it  is  seen  that  294*68  parts  of  potassium 
dichromate  can  convert  6  x  56  =  336  parts  of  iron  from  the 
ferrous  into  the  ferric  state,  if  acid  is  present  in  sufiicient 
amount. 

Now,  since  potassium  dichromate  is  reddish-yellow,  and  it 
is  converted  by  deoxidation  into  a  green  chromium  salt, 
the  point  at  which  a  slight  excess  of  dichromate  has  been 
added  to  the  ferrous  salt  cannot  readily  be  seen. 

The  precise  point,  at  which  the  change  of  ferrous  into 
ferric  salt  in  the  above  reaction  is  complete,  is  therefore 
ascertained,  by  using  freshly-made  potassium  ferricyanide 
solution  as  an  indicator.  Ferrous  salts  give  a  blue  precipi- 
tate with  this  reagent,  while  ferric  salts  give  no  blue  pre- 
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dpitate.  The  dichromate  solution  is  accordingly  added  to 
the  acidified  iron  solution,  until  a  drop  of  the  liquid  ceases 
to  give  a  blue  coloration,  when  it  is  brought  into  contact 
with  a  drop  of  potassium  ferricyanide  solution  on  a  white 
tile. 


Prbpabation  of  Standard  Potassium  Diohromatb 

Solution. 

254.  Preparation  of  the  Bichromate  Solution.  —  Heat 

about  10  grams  of  pure  recrystallised  potassium  dichromate, 

just  to  fusion,  in  a  porcelain  dish.     Allow  the  salt  to  cool, 

and  then  powder  it  in  a  clean  dry  mortar.     Weigh  out 

294'68 

— wK —  =  4*91   grams  of  the  powdered  dichromate  into  a 

litre-flask.  Dissolve  it  in  distilled  water ;  then  fill  up  the  flask 
to  the  mark  with  water,  and  mix  the  liquid  by  shaking  it 
well.    Each  c.c.  of  this  solution  corresponds  approximately 

56 
to  10x1000'"^'^^^^  ^^™^  °^  ^^^' 

This  solution  must  only  be  considered  to  be  of  the  true 
strength  when  it  is  freshly  prepared.  It  will  require  to  be 
standardised  afresh,  after  it  has  been  kept  for  some  time. 

When  it  is  necessary  to  ascertain  the  strength  of  the 
dichromate  solution,  a  solution  of  ferrous  sulphate  of  known 
strength  is  required.  This  is  prepared  either  from  a  weighed 
quantity  of  metallic  iron,  or  from  a  known  weight  of  ferrous 
ammonium  sulphate. 

255.  Titration  of  the  Dichromate  Solution  by  means  of 
Metallic  Iron. — A  known  weight  of  pure  iron  is  dissolved 
in  dilute  sulphuric  acid  without  contact  with  air  in  the 
following  way. 

Preparation  of  the  Solution  of  Iron, — Weigh  out  accu- 
rately about  1  gram  of  pianoforte  wire,  which  is  free  from 
rust  and  has  been  cut  into  pieces  about  1  inch  in  length. 

Fit  into  a  10-oz.  round  flask  a  perforated  cork,  through 
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which  a  beuti  glass  delivery  tube  passes  (fig.  74).  One  end 
of  this  tube  terminates  just  below  the  cork,  vbile  the  other 
end  dips  beneath  the  surface  of  a  little  water  contained  in  a 
small  beaker.  Clamp  the  flaek  in  an  inclined  position  npon 
a  retoit-stand. 

Now  half  fill  the  flask  with  dilate  sulphuric  acid,  drop  in 
a  small  piece  of  pure  cryatslliaed  sodium  carbonate,  and 
replace  the  cork  and  tube.  The  carbonate  will  dissolre, 
evolving  carbon  dioxide,  which  will  replace  the  air  in  the 
flask.  Wben  the  effervescence  has  nearly  ceased,  add  the 
weighed  steel  wire.  Then  fit  in  the  cork  and  tube,  and 
arrange  the  apparatus  as  is  shown  in  fig.  74.  Apply  a  gentle 
Fio.  74,  Fia.  76. 


heat  by  means  of  a  small  flame  until  the  wire  is  dissolved 
ae  ferrous  sulphate,  and  no  more  hydrogen  escapes  tJuough 
the  water  in  the  beaker. 

The  exclusion  of  air  during   the  process  of  solution  ia 
necessary,  in  order  to  prevent  the  formation  of  ferric  salt  r— 
2FeS0«  +  ^^0^  +  0  =  Pe3{S0,)a  +  HjO. 

Another  device,  which  allows  the  hydrogen  gaa  to  escape  from  the 
Sesk,  and  at  the  same  time  checks  the  entrance  of  air,  eoneiata  in 
cloeiag  the  neck  of  the  flask  by  a  perforated  cork  through  which  a 
short  glass  tube  passes  idg.  7G].    The  lower  end  of  thia  tube  terminates 
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joBt  below  the  cork,  while  the  upper  end  is  dosed  by  a  short  piece  of 
mbber  tube,  which  is  slit  in  the  middle  and  is  closed  by  a  small 
glass  rod.  The  vertical  slit  is  easily  opened  by  the  pressure  of  hydro- 
gen gas  from  within,  but  it  closes  by  pressure  from  without,  and  there- 
fore prevents  the  ingress  of  air. 

While  the  operation  of  solution  is  proceeding,  prepare 
some  cold  water  free  from  dissolved  oxygen,  by  boiling  dis- 
tilled water  for  a  few  minutes,  and  then  cooling  it  rapidly  by 
immersing  the  flask  in  cold  water. 

As  soon  as  the  process  of  solution  of  the  iron  wire  is  com- 
pleted, cool  the  solution,  transfer  it  rapidly  to  a  250  c.c. 
flask,  and  rinse  out  the  round  flask  several  times  into  the 
measuring-flask  with  the  above  air-free  water.  Finally, 
make  up  the  solution  to  the  mark  with  the  air-free  water. 

256.  Ths  Process  of  Titration, — ^Fill  a  50  c.c  burette  to 
the  zero  mark  with  the  potassium  dichromate  solution. 
Measure  out  25  cc.  of  the  iron  solution  into  a  10-oz.  flask, 
dilute  it  with  about  twice  its  volume  of  air-free  water,  and 
add  a  few  drops  of  strong  sulphuric  acid.  Place  a  number 
of  drops  of  very  dilute  and  freshly-prepared  potassium 
ferricyanide  solution  upon  a  white  tile  by  means  of  a  glass 
rod.  Then  allow  the  solution  of  dichromate  to  flow  gradu- 
ally from  the  burette  into  the  flask,  mixing  it  well  with  the 
iron  solution  after  each  addition  by  stirring  or  shaking. 

From  time  to  time  take  a  drop  of  the  iron  solution  out  of 
the  flask,  by  dipping  into  the  liquid  a  thin  clean  glass  rod,  and 
bring  the  drop  into  contact  with  one  of  the  drops  of  potas- 
sium ferricyanide  solution  on  the  tUe.  The  first  few  drops 
from  the  flask  will  cause  a  strong  blue  coloration  of  the  ferri- 
cyanide. But  as  the  addition  of  the  dichromate  proceeds, 
the  colour  produced  in  the  ferricyanide  will  become  more 
faint.  As  soon  as  the  coloration  becomes  very  faint,  the 
addition  of  the  dichromate  solution  must  be  continued  very 
cautiously,  until  a  drop  of  the  liquid  containing  the  iron  just 
ceases  to  produce  a  blue  coloration  with  the  ferricyanide. 
The  volume  of  the  dichromate  solution,  which  has  been 
allowed  to  flow  from  the  burette,  is  then  read  ofll 
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Two  more  siinilar  titrations  should  then  be  made.  In  each 
of  these,  nearly  the  whole  volume  of  dichromate  solution 
required  should  be  allowed  to  flow  into  the  flask  at  once 
from  the  burette,  the  last  half  of  a  c.c.  only  being  gradually 
added  drop  by  drop.  The  results  of  these  titrations  should 
not  differ  by  more  than  the  tenth  of  a  cc. 

CcUcidaiian  of  EesuUs, — The  weight  of  iron  contained  in 
the  solution  used  in  the  above  titration  must  be  multiplied 
by  0'996,  in  order  to  correct  it  for  impurities  present  in  the 
steel  wire  originally  employed ;  and  from  the  weight  of  pure 
iron  thus  found,  the  exact  iron^value  of  the  standard  solution 
of  dichromate  may  be  calculated. 

The  FdUowing  Example  will  senre  to  illustrate  the  process  of 
calculation  :— 

1*152  grams  of  steel  wire  were  dissolyed  in  add,  as  is  described 

aboye,  and  the  solution  was  made  up  to  250  cc. 
25  cc.  of  this  solution  required  the  addition  of  21  '1  cc  of  the 

diohromate  solution  in  order  to  exactly  oonyert  the  ferrous 

into  ferric  salt. 
Therefore  211  cc  of  the  diohromate  solution  correspond  to  1*152 

grams  of  steel  wire 
And  1000  cc  of  dichromate  solution  will  therefore  correspond  to 

^'^^^^^^^=5-4598  grams  of  steel,  which  contain  5-4598 

X  0*996  =  5*4379  grams  of  ptff«  iron. 
Each  CO.  of  the  dichromate  solution  is  therefore  equiyalent  to 
0*005438  gram  of  Fc 

257.  Titration  of  the  Standard  Bichromate  Solution 
by  means  of  Ferrous  Salt. — ^The  standard  iron  solution 
for  titrating  the  dichromate  solution  may  be  prepared  from 
ferrous  anmionium  sulphflCS,  Fe(NHj2(304)2*6H20,  instead 
of  from  metallic  iroi|. 

For  tlus  purpose  7  grams  of  the  salt  are  dissolved  in  air- 
free  water,  and  the  solution  Sa  made  up  to  250  cc 

The  above  weight  of  the  salt  will  give  a  solution  contain- 
ing 4  grams  of  iron  per  litre,  since  the  double  salt  contains 
one^seventh  its  weight  of  iroQ. 

The  process  of  titration  is  performed  in  exactly  the  same 
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way  as  has  been  already  described  (256),  a  few  drops  of 
strong  sulphuric  acid  being  added  to  the  iron  solution  before 
the  dichromate  solution  is  allowed  to  flow  in. 


Estimation  op  Iron  in  Fbbbous  and  Fbbbio  compounds 
bt  mbans  of  standard  dighbomatb  solution. 

258.  The  estimation  of  the  total  amount  of  iron  present 
in  an  iron  compound  may  be  effected  by  means  of  the 
standard  potassium  dichromate  solution. 

If  ferrous  compounds  only  are  present,  the  solution  may 
be  titrated  at  once  as  is  described  in  par.  256.    See  par.  259. 

If  the  iron  is  present  in  the  ferric  state  only,  it  must  be 
reduced  to  the  ferrous  state,  as  is  described  in  pars.  260, 
a,  b,  c,  and  the  ferrous  salt  must  then  be  titrated  (256). 

If  the  iron  is  present  both  as  ferrous  and  ferric  compounds, 
the  amount  of  ferrous  iron  is  first  estimated  by  the  dichromate 
solution  in  one  portion  of  the  solution.  The  whole  of  the 
iron  is  then  reduced  in  another  portion  of  the  solution,  and 
estimated.  The  difference  between  the  two  quantities  of 
iron  found  will  give  the  amount  of  iron  which  was  originally 
present  as  ferric  iron. 

259.  Estiination  of  Iron  in  Ferrous  Oompomids. — For 

practice  in  the  estimation,  dissolve  5  grams  of  ferrous  sul- 
phate (FeS04.7H20)  in  air-free  water,  add  a  little  sulphuric 
acid,  and  make  up  the  solution  to  250  c.c.  with  air-free 
water.  Measure  out  25  c.c.  of  this  solution,  and  titrate  it 
as  is  described  in  par.  256.  From  the  weight  of  iron 
found  the  percentage  weight  of  iron  in  the  salt  can  then  be 
calculated. 

260.  Estimation  of  Iron  in  Feme  Compounds. — Three 
methods  (a,  b,  c)  are  described  for  the  reduction  of  the  iron 
to  the  ferrous  condition  previous  to  its  titration  by  the 
dichromate  solution. 
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For  practice  in  the  estimation,  dissolve  10  grams  of  iron 
alum,  FeK(SOj2.12H20,  in  water,  add  a  little  dilute  H2S0^, 
and  make  up  the  solution  to  250  c.c.  Reduce  the  ferric  salt 
in  the  solution  to  ferrous  salt  (a^  b,  c),  and  titrate  the  iron 
by  the  dichromate  solution  (256). 

(a).  Process  of  Beduction  by  meaxiB  of  Zinc. — 100  c.c. 
of  the  iron  solution  are  transferred  to  a  flask  fitted  as  ia 
shown  in  fig.  74  (p.  193).  The  liquid  must,  if  necessary,  be 
first  evaporated  until  it  does  not  more  than  half  fill  the  flask. 
Strong  hydrochloric  acid  is  then  added,  and  granulated  zinc 
free  from  iron  is  dropped  into  the  flask.  The  zinc  will  dis- 
solve in  the  acid,  with  evolution  of  hydrogen,  and  a  portion 
of  the  nascent  hydrogen  will  act  upon  the  ferric  chloride, 
and  will  reduce  it  to  ferrous  chloride.  At  the  same  time  the 
colour  of  the  solution  will  change  from  yellow  to  pale  green. 
After  a  time  it  will  be  necessary  to  heat  the  liquid  gently  in 
order  to  promote  the  action.  The  heating  should  be  con- 
tinued until  all  the  zinc  is  dissolved. 

Before  proceeding  to  estimate  the  iron,  ascertain  that  it  is 
present  entirely  in  the  ferrous  state,  by  taking  out  a  drop  of 
the  solution  with  a  clean  glass  rod,  and  bringing  it  into  con- 
tact with  a  drop  of  potassium  sulphocyanide  solution  on  a 
white  tile  or  dish.  No  red  colour  should  appear,  or  at  most 
only  a  very  faint  pink  tint.  If  a  distinct  red  colour  is  pro- 
duced, more  zinc  and  hydrochloric  acid  must  be  added,  and 
the  process  must  be  continued  in  the  reduction  apparatus 
until  all  the  zinc  has  dissolved.  The  solution  ia  then  again 
tested  with  the  sulphocyanide,  and  these  operations  are 
repeated  until  no  ferric  salt  can  be  detected. 

When  the  whole  of  the  iron  has  thus  been  proved  to  be 
present  in  the  solution  in  the  ferrous  state,  the  liquid  is 
quickly  cooled,  and  is  made  up  at  once  to  250  c.c.  with  air- 
free  water.  The  titration  of  50  c.c.  of  this  solution  is  then 
immediately  proceeded  with  in  the  acidified  liquid,  accord- 
ing to  the  directions  given  in  par.  256,  and  is  completed 
with  as  little  delay  as  possible. 
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(b).  Process  ofBediiction  by  means  of  StannoTis  Chloride 
Solution. — The  iron  in  the  acidified  iron  solution  is  reduced 
to  the  ferrous  state  by  the  addition  of  stannous  chloride 
solution,  which  must  be  added  in  slight  excess.  The  excess 
of  the  stannous  salt  is  then  converted  into  stannic  salt  by 
adding  excess  of  mercuric  chloride  solution  :— 

SnClg  +  SHgCla  =  SnCl^  +  HgaCl^ 

This  method  is  not  suitable  for  iron  solutions  which  are 
coloured  brown  with  organic  matter. 

25  C.C.  of  the  iron  solution  are  placed  in  a  4-oz.  flask, 
2  C.C.  of  strong  hydrochloric  acid  are  then  added,  and  the 
liquid  is  heated  to  boiling.  Clear,  freshly-made  solution  of 
stannous  chloride  in  twenty-five  times  its  weight  of  water  is 
next  added  from  a  pipette.  The  stannous  solution  is  added 
drop  by  drop,  until  the  yellow  colour  of  the  iron  solution  just 
disappears.  About  3  cc.  of  a  saturated  solution  of  mercuric 
chloride  are  then  added.  This  must  produce  turbidity  in 
the  liquid,  indicating  that  the  stannous  chloride  solution  has 
been  added  in  excess.  The  solution  is  then  cooled  to  about 
60^  C,  and  is  titrated  with  the  potassium  dichromate  solution 

(256)- 

Note, — Oaremust  be  taken  that  a  large  excess  of  SnCl,  solutionis 
not  added,  else  a  yery  large  quantity  of  HgCIg  solution  will  be  re- 
quired, and  the  precipitate  of  Hg,Gl2  will  interfere  with  the  titration. 

(c).  Process  of  Beduction  by  means  of  Ammonium 
Bisulphite  Solution. — Prepare  some  ammonium  bisulphite 
solution  by  passing  SO^  gas  into  strong  ammonia  solution. 
Continue  to  pass  the  gas  until  the  crystals,  which  form  at 
first,  are  redissolved,  and  the  liquid  smells  strongly  of  SO^. 
The  gas  may  be  conveniently  supplied  from  a  bottle  of  the 
Hquid  SOjj  (795). 

Four  100  C.C.  of  the  ferric  solution  into  a  small  flask 
covered  with  a  funnel,  and  add  ammonium  hydrate  gradually 
until  a  slight  permanent  precipitate  is  formed.  Then  add  5 
C.C.  of  the  bisulphite  solution  for  each  gram  of  substance 
taken.     Place  some  pieces  of  platinum  wire  in  the  flask  to 
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prevent  bumping,  shake  the  liquid  vigorously,  and  heat  gently. 
Gradually  increase  the  heating  until  the  solution  boils.  If 
any  precipitate  forms  at  first,  it  will  redissolve,  and  the  liquid 
will  gradually  lose  its  yellow  colour. 

As  soon  as  the  liquid  is  colourless,  add  a  mixture  of  HgSO^ 
with  four  times  its  volume  of  water,  in  the  proportion  of  30 
C.G.  to  each  5  c.c.  of  bisulphite  solution  which  was  previously 
added.  Test  the  solution  with  KGNS  solution,  to  ascertain 
whether  the  reduction  of  the  iron  is  complete,  as  was  directed 
in  par.  260y  ft.  When  no  ferric  salt  is  present,  boil  the  liquid 
until  all  the  SOj  is  driven  off,  make  it  up  to  250  c.c,  and 
titrate  the  ferrous  salt  (256)  in  50  c.c.  of  this  solution. 


Estimation  o?  Iron  in  an  Iron  Orb. 

261.  If  the  iron  exists  in  the  ore  partly  or  wholly  in  the 
ferric  state,  the  ore  is  dissolved  in  acid,  the  iron  is  reduced  to 
the  ferrous  state  by  one  of  the  methods  described  above  (260, 
ft,  b,  c),  and  is  then  titrated  by  the  potassium  dichromate 
solution. 

Process  of  Solution  of  the  Iron. — ^Weigh  out  accurately 
about  2*5  grams  of  the  powdered  iron  ore,  which  has  been 
prepared  as  is  described  in  pars.  34,  35.  Heat  this  in  a 
covered  beaker  over  a  small  flame  for  about  half  an  hour 
with  hydrochloric  acid  diluted  with  its  own  volume  of 
water.  Dilute  this  solution  sligMly  with  water,  allow  the 
undissolved  matter  to  subside,  and  decant  the  liquid  through  a 
filter.  Then  treat  the  residue  again  with  a  small  quantity  of 
the  dilute  acid,  and  decant  the  liquid  through  the  same  filter. 

This  procedure  will  usually  have  extracted  all  the  iron 
from  the  ore.  But  if  the  further  treatment  of  the  residue 
with  a  small  additional  quantity  of  acid  furnishes  a  filtrate 
in  which  iron  can  be  detected  when  a  drop  is  added  to  KCNS 
solution,  the  ore  must  be  treated  again  with  acid,  and  this 
treatment  must  be  repeated  until  no  more  iron  is  found  in 
the  last  extract. 
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The  residue  is  now  transferred  to  the  filter,  and  is  washed 
with  as  small  a  quantity  of  water  as  possible,  and  the  filtrates 
and  washings  are  mixed  together,  and  made  up  to  250  c.c. 

The  ferric  salt  present  in  this  solution  is  then  reduced  to 
the  ferrous  condition  by  one  of  the  methods  described  above 
(260,  a,  b,  c),  and  the  ferrous  iron  is  titrated  (256). 

If  both  ferrous  iron  and  ferric  iron  are  present,  and  each  of  these  is 
to  be  estimated,  the  ore  must  be  treated  with  acid  as  is  described  in  par. 
255.  A  portion  of  the  acid  solution  is  used  for  the  estimation  of  the 
ferrous  iron.  The  ferric  iron  in  the  remainder  of  the  solution  is  then 
reduced  to  the  ferrous  state  and  the  total  iron  is  determined  in  the 
ferrous  state  by  the  dichromate  solution.  The  difference  between  the 
quantities  of  iron  found  by  the  two  titrations  gives  the  amount  of  ferric 
iron  which  was  originally  present  in  the  ore. 


Valuation  op  Blbaohing-powber  by  the  Oxidation 

OP  A  Ferrous  Compound. 

262.  When  a  solution  of  bleaching-powder  is  brought  into 
contact  with  an  acidified  ferrous  solution,  the  ferrous  com- 
pound is  converted  into  a  ferric  compound  by  the  Ca(0Ci)2 
of  the  bleaching-powder  solution  according  to  the  following 
equation : — 

Ca(0Cl)2  +  4FeS0^  +  2H2SO4  =  2¥e^{S0^)^  +  2B.fi  +  CaClj, 

Here  2FeS04  is  converted  into  Fe2(S04)3  by  0,  and  this  0  is 
chemically  equivalent  to  Clg;  each  atom  of  Fe  which  is 
changed  from  the  ferrous  to  ferric  state,  therefore,  corre- 
sponds to  one  atom  of  "  available  chlorine  "  (250). 

In  practice  it  is  found  most  convenient  to  add  the 
bleaching-powder  solution  to  an  excess  of  an  acidified  solu- 
tion of  a  ferrous  salt,  and  then  to  estimate  the  amount  of  un- 
changed ferrous  salt  by  means  of  dichromate  solution  (256). 

The  Standard  Solution  of  Ferrous  Salt. — A  solution 
containing  4  grams  of  iron  per  litre  will  be  found  suitable. 
The  solution  is  prepared  by  dissolving  iron  wire  in  dilute  sul- 
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phuric  acid  as  is  described  in  par.  255,  or  more  readily  by 
dissolving  the  proper  quantity  of  ferrous  ammonium  sulphate 
in  water  as  is  described  in  par.  257* 

Preparation  of  the  Bleaching-powder  Liquid. — The  solu- 
tion is  prepared  from  10  grams  of  the  bleaching-powder,  and 
is  made  up  to  1  Htre  according  to  the  directions  given  in 
par.  251  (p.  189). 

The  Process  of  Titration.^Measure  out  50  c.c.  of  the 
iron  solution  into  a  beaker,  and  if  it  is  not  already  acid, 
render  it  so  by  adding  1  c.c.  of  strong  sulphuric  acid.  Add 
to  this  solution  25  c.c.  of  the  bleaching-powder  liquid,  mix  the 
liquids  well  by  stirring,  and  ascertain  the  weight  of  ferrous 
iron  remaining  in  the  solution  by  means  of  standard  potas- 
sium dichromate  solution  (256).  The  difference  between  this 
weight  and  the  weight  of  Fe  in  the  50  c.c.  originally  taken 
will  give  the  weight  of  ferrous  iron,  which  has  been  converted 
into  ferric  iron  by  the  25  c.c.  bleaching-powder  solution. 

From  this  weight  the  weight  of  available  chlorine  present 
in  the  10  grams  of  bleaching-powder  may  be  calculated, 
and  from  this  the  percentage  weight  of  available  chlorine 
present  in  the  bleaching  powder  is  deduced. 

The  Following  Example  is  a  record  of  the  results  which  were 
obtained  in  an  estimation,  together  with  the  calculation  of  the  per- 
centage of  "  avaOable  chlorine  '*  present  in  the  bleaching-powder : — 

10  grams  of  bleaching-powder  were  treated  with  water  and  the 

liquid  was  made  up  to  1  litr& 
25  cc.  of  this  liquid  converted  0*1208  gram  of  ferrous  iron  into 

the  ferric  state. 

According  to  the  equation  and  statement  on  p.  200  this  indicates 

*!.                     .  0-1208x85 '45    ^,^^^^  .  ^,  .     ., 

the  presence  of ^ =0*0766  gram  of  01  in  the 

25  c.  a  of  bleaching-powder  liquid. 
Now  the  25  cc.  of  the  bleaching  liquid  correspond  to  0*25  gram 
of  bleaching-powder;  therefore  the  percentage  weight  of 
available  chlorine 

_0;0766xl00_oft.A 
0^26 -^^*- 
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Other  Hethods  for  estimating  the  available  chlorine  in 
bleaching-powder  are  given  in  pars.  251  fti^d  293* 


USB  OF  POTABSHTM  PEBMANQANATE  SOLXTFION. 

263.  Potassium  permanganate  solution  readily  yields  a 
portion  of  its  oxygen  under  suitable  conditions  to  certain 
substances,  and  may  therefore  be  used  instead  of  potassium 
dichromate  solution  for  many  volumetric  estimations.  Potas- 
sium permanganate,  however,  cannot  be  used  for  the  estima- 
tion of  a  substance  in  the  presence  of  organic  matter,  and  its 
indications  are  not  trustworthy  if  any  large  amount  of  hydro- 
chloric acid  is  present.  The  addition  of  manganese  sulphate 
prevents  error  in  the  titration,  if  a  small  quantity  only  of 
hydrochloric  acid  is  present. 

Solution  of  potassium  permanganate,  moreover,  becomes 
gradually  weaker  by  the  decomposition  of  the  salt,  if  it  is 
exposed  to  light.  This  change  may  be  almost  entirely  pre- 
vented by  keeping  the  solution  in  a  dark  blue  Winchester 
quart-bottle,  and  by  storing  it  in  a  cool  and  dark  place. 
Owing  to  its  liability  to  change,  the  permanganate  solution 
always  requires  to  be  standardised  immediately  after  its  pre- 
paration, as  well  as  at  frequent  intervals  when  it  is  stored. 


Prbparation,  Standardisation,  and  usb  op  Potassium 

Pbrmanoanatb  Solution. 

Crush  about  5  grams  of  crystallised  potassium  perman- 
ganate  in  a  glazed  mortar  in  the  presence  of  a  small  quantity 
of  water,  pour  off  the  solution  into  a  litre-flask,  and  repeat  the 
process  until  all  the  salt  is  in  solution :  then  make  the  volume 
up  to  one  litre. 

The  solution  is  usually  standardised  by  a  ccUd  solution  of 
ferrous  salt  containing  some  free  sulphuric  acid.  It  may  also 
be  standardised  by  a  toarm  solution  of  oxalic  acid. 
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264.  Titration  of  the  Permanganate  Solution  by  means 
of  Ferrons  Salt. — The  following  reaction  takes  place  when 
a  cold  solution  of  ferrous  salt  is  used  in  the  titration : — 

KtMn^Gs  +  10FeSO4 + 9H^04 = SFeaCSO^), + 2MnS04 + 2KHSO4  +  SltjO. 

The  ferrous  sulphate  solution  should  be  made  immediately 
before  it  is  required  for  the  titration  (255,  257).  The 
further  procedure  is  similar  to  that  already  described  under 
the  standardisation  of  potassium  dichromate  (256) ;  the  use 
of  an  indicator,  however,  is  unnecessaiy,  since  the  end  of 
the  reaction  is  easily  seen  by  the  appearance  of  a  pink  tint  in 
the  liquid,  as  soon  as  the  permanganate  is  present  in  excess. 

265*  Four  some  of  the  permanganate  solution  into  a 
burette  with  a  glass  stop-cock  (fig.  69,  p.  164),  filling  the 
burette  to  the  zero  mark.  A  rubber  joint  must  not  be  used 
in  the  burette,  as  it  would  reduce  the  permanganate.  Allow 
the  permanganate  solution  to  flow  into  the  cold  ferrous  solution, 
which  has  been  acidified  with  a  few  drops  of  strong  sulphuric 
add,  and  has  been  diluted  with  freshly-boiled  and  cooled 
distilled  water.  Continue  the  addition  of  the  permanganate 
solution  until  a  faint  permanent  pink  colour  remains  after 
the  liquids  have  been  well  mixed.  This  colour  is  readily 
seen,  if  the  beaker  containing  the  iron  solution  is  placed 
upon  a  piece  of  white  paper,  or  upon  a  white  tile,  or  if  the 
titration  is  performed  in  a  porcelain  dish.-  Two  titrations 
should  be  made,  and  they  must  not  differ  from  one  another 
by  more  than  one-tenth  of  a  c.c. 

The  strength  of  the  solution  may  be  calculated  by  refer- 
ence to  the  above  equation.  This  is  usually  stated  in  terms 
of  metallic  iron,  as  has  been  described  in  the  standardisation 
of  potassium  dichromate  solution. 

The  strength  of  the  solution  may  also  be  stated  in  terms  of 
available  oxygen.  The  oxygen-value  of  the  permanganate 
solution  may  be  calcidated  directly  from  the  iron-value,  since 
every  112  parts  of  iron  oxidised  correspond  to  16  parts  of 
oxygen  (2FeO -f  0  =  FcjOj). 
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266.  Titration  of  Fotaflsium  Permanganate  Solution 
by  means  of  Oxalic  Add. — When  potassium  permanganate 
solution  is  added  to  a  foarm  solution  of  oxalic  acid  which 
has  been  acidified  with  sulphuric  acid,  the  following  reaction 
takes  place : — 

6HgC>04. 2H,0  +  KjMnjOa + 8Hj;304 = lOCO.  +  K,S04 + 2MnS04  +  ISHgO. 

It  will  be  seen,  on  comparing  this  equation  with  that 
given  for  ferrous  salt  (264),  that  126 '02  parts  of  crystal- 
lised oxalic  acid  are  equivalent  to  112  parts  of  iron,  and 
require  16  parts  of  oxygen  for  their  complete  oxidation. 
This  relation  is  shown  more  simply  by  the  following 
equation :— H2C2O4.2H2O  +  0  =-  2CO2  +  SHgO. 

A  Ded-normal  Solution  of  pure  recrystallised  oxalic  acid 
(80)  is  required  for  the  titration.  This  is  prepared  by 
dissolving  6 '301  grams  of  the  dry  crystals  in  water,  and 
making  the  solution  up  to  1  litre. 

Fifty  C.C.  of  this  solution  are  measured  out  into  a  beaker 
by  means  of  a  pipette,  a  little  sulphuric  acid  is  added,  and 
the  liquid  is  considerably  diluted  with  water.  The  diluted 
solution  is  now  heated  to  60''  C,  and  the  solution  of  potassium 
permanganate,  containing  about  5  grams  per  litre,  is  gradually 
added,  until  a  faint  permanent  pink  tint  remains  in  the  liquid 
after  it  has  been  stirred.  If  the  permanganate  is  added  too 
rapidly,  a  brown  precipitate  forms,  which  is  removed  with 
difficulty  by  adding  more  sulphuric  acid. 

The  strength  of  the  permanganate  solution  is  readily 
calculated  from  the  proportions  yielded  by  the  above 
equation. 

267.  A  Solution  which  is  to  be  Titrated  by  means  of 
Potassium  Permanganate  Solution  must  always  be  first 
acidified  by  means  of  sulphuric  acid.  Nitric  acid  should  not 
be  present  in  any  quantity.  Hydrochloric  acid  is  liable  to 
be  oxidised  by  the  permanganate  and  to  evolve  chlorine, 
unless  the  acid  is  very  considerably  diluted,  and  a  manganese 
salt  (MnS04)  is  present  in  the  solution. 
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Organic  matter,  if  present,  reduces  the  permanganate,  and 
destroys  the  accuracy  of  the  determination. 

If  the  ahove  sources  of  disturbance  are  avoided,  potassium 
permanganate  may  be  used  with  accuracy  for  estimating 
many  substances.  Some  of  these  processes  are  described 
below. 


Estimation  op  Iron  in  Fhrrous  and  Fbrrig  Compounds 

BT  HBANB  OF  STANDARD  PhRHANGANATB. 

The  estimation  of  iron  present  in  a  substance  in  the 
ferrous  or  the  ferric  condition,  or  partly  in  both  conditions, 
may  be  effected  by  titration  with  standard  permanganate 
solution  (265).  The  weight  of  Fe  is  calculated  from  the 
result  of  the  titration,  by  means  of  the  equation  in  para- 
graph 264. 

26S.  Estiination  of  Iron  in  Ferrous  compounds. — Care 
must  be  taken  that  the  ferrous  salt  is  not  exposed  to  oxidation 
and  conversion  into  ferric  salt  during  the  process  of  solution. 
This  will  be  prevented  by  adopting  the  method  of  solution 
which  is  described  in  par.  255.  The  titration  is  carried  out 
as  is  directed  in  par.  265. 

Substances  from  which  the  iron  cannot  be  extracted  by 
treatment  with  sulphuric  acid,  or  with  HCl  (267))  &fe  fused 
with  ELHSO4  in  Rose's  crucible  (67) ;  the  cold  mass  is  then 
dissolved  in  water  and  the  solution  is  titrated  with  the  per- 
manganate. 

269.  Estiination  of  the  Total  Iron  in  Ferric  com- 
pounds^ and  in  a  mixture  of  Ferrous  and  Ferric  com- 
pounds. 

The  ferric  compound  present  in  the  solution  is  reduced  to 
the  ferrous  state  (260,  a^  b,  c),  and  the  iron  is  then  titrated 
with  permanganate  (265)* 

If  the  solution  of  the  original  substance  contains  ferrous  as 
well  as  ferric  compounds,  the  iron  in  the  ferrous  compounds 
may  be  first  estimated  by  titration  in  a  part  of  the  original 
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solution  (268).  The  total  amount  of  iron  is  then  estimated 
in  another  part  of  the  original  solution  by  reduction 
(260,  a»  b,  c)  followed  by  titration.  The  weight  of  iron  in 
the  ferric  compounds,  which  were  originally  present  in  the 
substance,  is  equal  to  the  difference  between  the  total  per- 
centage of  iron  and  the  percentage  of  iron  which  was  origin- 
ally present  in  the  ferrous  state. 

The  Amount  of  Iron  in  an  Iron  Ore,  which  yields  up  all 
its  iron  to  sidphuric  acid,  may  be  estimated  by  means  of 
permanganate.  But  if  hydrochloric  acid  has  been  used  in 
extracting  the  iron  and  is  present  in  the  solution,  or  if  organic 
matter  is  present,  the  titration  must  be  made  with  potassium 
dichromate  solution  (256). 


Estimation  of  Oxalatb  in  Solution  bt  mhans  op 
Standard  Phrmanganath. 

270.  An  oxalate  which  is  soluble  in  water  is  readUy  esti- 
mated by  means  of  standard  permanganate  solution.  About 
5  grams  of  the  oxalate  are  accurately  weighed  and  dissolved 
in  water,  and  the  solution  is  made  up  to  250  c.c.  A  suitable 
quantity  of  this  solution  is  acidified  with  sulphuric  acid,  and 
is  titrated  as  has  been  described  in  paragraph  266. 

The  weight  of  Gfi^  present  may  be  calculated  from  the 
equation  in  paragraph  266. 


Estimation  of  Calcium  in  Solution  bt  mbanb  of 
Standard  Pbrmanganath. 

271  -  The  calcium  is  completely  precipitated  from  the 
solution  by  adding  an  excess  of  standard  oxalic  acid  solution. 
Either  the  excess  of  oxalic  acid  is  then  determined  by 
titration  with  standard  potassium  permanganate  solution 
(272),  or  the  oxalic  radicle  present  in  the  calcium  oxalate 
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precipitate  is  estimated  (273)>  The  second  method  should  be 
employed  if  the  quantity  of  calcium  present  is  considerable, 
and  if  great  accuracy  is  required,  since  it  obviates  the  error 
arising  from  the  volume  of  the  calcium  oxalate  precipitate. 

The  FroceSB. — ^Add  to  the  solution  of  the  calcium  com- 
pound, contained  in  a  flask,  a  measured  volume  of  normal 
oxalic  acid  solution,  in  quantity  more  than  sufficient  to 
precipitate  all  the  calcium  as  oxalate.  Add  ammonium 
hydrate  solution  in  excess,  then  boil  the  liquid  and  allow  it 
to  cool.  Proceed  either  as  is  directed  in  par.  272,  or  follow 
par.  273. 

272.  Titration  of  the  Excess  of  Oxalic  Acid  added.— 
Transfer  the  liquid  containing  the  precipitate  of  calcium 
oxalate  to  a  suitable  measuring-flask,  make  up  to  the  mark 
with  water,  and  mix  the  contents  of  the  flask  thoroughly. 
Pour  off  part  of  this  turbid  liquid  through  a  dry  filter  into  a 
flask  of  half  the  capacity,  filling  the  fladc  to  the  graduation 
mark. 

Measure  out  an  aliquot  part  of  the  filtrate — say  one-half. 
Acidify  this  with  sulphuric  acid,  heat  the  liquid  to  GO""  C, 
and  determine  the  oxalic  acid  in  it  by  means  of  potassium 
permanganate  solution  (266). 

Calculate  from  this  result  the  weight  of  oxalic  acid  which 
is  present  in  the  whole  of  the  filtrate,  and  subtract  this 
weight  from  that  of  the  oxalic  acid  which  was  originally 
added  for  the  precipitation  of  the  calcium.  The  remainder 
will  be  the  weight  of  oxalic  acid  which  is  chemically  equi- 
valent to  the  calcium  which  was  originally  present^  and  from 
this  the  weight  of  Ca  may  be  calculated  on  the  assumption 
that  126*02  grams  of  crystallised  oxalic  acid  correspond  to 
40  grams  of  calcium. 

273.  Titration  of  the  Oxalic  Add  wldoh  has  been  Precipitated  by 
the  Oaloiimi. — If  the  calcium  oxalate  precipitate  is  large  in  amoont,  it 
is  filtered  off  and  is  well  washed  on  the  filter.  It  is  then  dissolyed  in 
the  smallest  possible  quantity  of  warm  hydrochloric  acid,  and  the  solu- 
tion is  diluted  with  water.  This  liquid  is  mixed  with  a  little  sulphuric 
add  and  heated  to  60°  G. ;  it  is  then  at  once  titrated  by  the  potassium 
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permangaDate  solution.  The  quantity  of  oxalic  acid  thus  found  is 
chemically  equivalent  to  the  weight  of  calcium  which  was  originally 
present,  126 '02  parts  of  oxalic  acid  (H,C,04.2HsO)  corresponding  to 
40  parts  of  calciunL 


Estimation  of  Lead  in  Solution  by  means  of  Standa&d 

Pebmanoanate. 

274.  Lead  may  be  estimated  in  solution  by  a  method  similar  to  that 
described  for  the  estimation  of  calcium  (271,  272).  If  the  second 
method  of  titration  (273)  is  employed  for  this  estimation,  the  lead 
oxalate  precipitate  must  be  dissolved  in  dilute  nitric  acid  ;  sulphuric 
acid  is  tiien  added,  and  the  oxalic  acid  is  titrated  by  permanganate. 
126*02  parts  of  oxalic  acid  (HsG,04.2HsO)  correspond  to  206*91  parts 
of  lead. 


USE  OF  STANDABD  IODINE  SOLUTION. 

275*  Iodine  dissolved  in  potassium  iodide  solution  may  be 
used  for  many  different  volumetric  determinations.  The 
chemical  reaction  on  which  the  estimations  are  based  is 
usually  that  of  oxidation,  as  is  the  case  in  the  estimation  of 
arsenious  oxide : — AsgOg  +  2H2O  +  2I2  =  AsgOg  +  4HI. 

If  the  iodine  solution  is  used  in  coujunction  with  sodium 
thiosulphate  solution,  the  number  of  estimations  to  which  it 
is  applicable  is  increased.  In  these  cases  the  iodine  solution 
is  usually  added  in  excess,  and  the  excess  of  iodine  is  then 
estimated  by  means  of  the  sodium  thiosulphate  solution. 
The  following  equation  represents  the  reaction  which  takes 
place  between  the  iodine  and  the  thiosulphate : — 

2Na2S208  + 12  =  2NaI  +  NajS^Og. 

As  the  sodium  thiosulphate  solution  is  gradually  added  to 
the  iodine  solution,  the  brown  colour  of  the  iodine  solution 
will  change  to  yellow,  and  finally  the  L'quid  wiU  become 
colourless ;  but  the  exact  point  at  which  the  yellow  colour  of 
the  solution  disappears  is  difficult  to  judge  with  precision. 

If,  however,  a  few  drops  of  starch  solution  are  added  to 
the  pale  yellow  liquid,  an  intense  blue  colour  will  be  pro- 
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duced ;  and  this  colour  will  entirely  disappear  when  sufficient 
thiosulphate  solution  is  added.  In  this  case  the  completion 
of  the  titration  is  very  sharply  defined  by  the  precise  dis- 
appearance of  the  blue  colour. 

Occasionally  the  process  of  titration  is  reversed,  the  iodine 
solution  being  added  to  the  liquid  containing  excess  of  the 
thiosulphate.  The  completion  of  the  reaction  will  then  be 
shown  by  the  appearance  of  a  slight  but  permanent  blue 
colour  in  the  liquid  containing  starch  solution. 

Note,— The  changeable  iodine  solution  may  be  replaced  by  the  per- 
manent solution  of  EHCIOs)^  and  EI,  which  is  acidified  with  HGl  im- 
mediately before  it  is  used  : — 

KH(IO,),  +  lOKI  +  llHCl  =  6la  +  llKCl  +  eUfi, 


Pbbfabation  and  Standabdibation  of  thb  bbquibitb 

Standabd  Solutions. 

The  following  solutions  are  required  for  the  processes  of 
estimation  which  involve  the  use  of  standard  iodine  and 
standard  sodium  thiosulphate  solutions : — A  deci-normal  solu- 
tion of  iodine;  a  deci-molecular  solution  of  sodium  thio* 
sulphate ;  and  a  dilute  solution  of  starch. 

276.  Preparation  of  the  Ded-normal  Solution  of  Iodine, 

126*86 
containing  — jg —  =  12*686  grams  of  pure  iodine  per  litre. 

Weigh  out  accurately  (see  Note,  page  210)  into  a  litre-flask 
from  a  stoppered  bottle  12*686  grams  of  pure  iodine  (83, 
Exp.  27),  taking  care  to  remove  the  bottle  from  the  balance- 
case  before  taking  out  the  stopper.  Then  add  about  30 
grams  of  pure  potassium  iodide  and  about  250  c.c.  of  water. 
Shake  the  contents  of  the  flask  until  complete  solution  has 
taken  place,  adding  more  of  the  iodide,  if  necessary,  to 
complete  the  solution  of  the  iodine.  Then  fill  the  flask  up 
to  the  mark  with  distilled  water. 

The  solution  must  be  kept  in  a  well-stoppered  bottle,  and 
in  a  cool  place. 
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NoU, — Since  iodine  is  very  volatile,  it  is  dilBcult  to  weigh  ont  exactly 
the  quantity  which  is  required  for  making  a  lilre  of  the  standard  solu- 
tion. Hence  about  18  grams  may  be  accurately  weighed  out  by  differ- 
ence. This  is  dissolved  in  the  manner  already  described,  and  is  made 
up  to  the  volume  which  is  necessary  to  furnish  a  solution  of  deci- 
normal  strength.    Thus,  if  12*6  grams  were  weighed  out,  the  volume 

*xv    .J.        IX.  XV    1000x12-6    ^^,  ^ 

of  the  iodine  solution  must  be  ~~i  2-686     =^^^'^  ^•^■ 

277.  Preparation   of  the  Ded-molecnlar  Solution  of 

248*27 
Sodium  Thiosnlphate,  containing  — tq-  =  24*827  grams 

per  litre  of  NagSjOg-SHgO. 

Weigh  out  accurately  24*827  grams  of  the  pure  recrystal- 
Hsed  salt,  which  has  been  powdered  and  then  dried  by  pres- 
sure between  filter-paper.  Dissolve  this  in  water,  and  dilute 
the  solution  to  1  Htre  in  the  measuring-flask  or  cylinder. 

The  solution  undergoes  chemical  change  by  the  action  of 
light,  hence  it  should  be  kept  in  a  dark  blue  Winchester 
quart-bottle,  in  a  closed  cupboard  the  interior  of  which  is 
painted  dead-black.  Even  when  these  precautions  against 
exposure  to  hght  are  taken,  the  solution  will  require  frequent 
titration  (280). 

278.  Preparation  of  the  Starch  Solution.— Make  about 
1  gram  of  starch,  free  from  acid,  into  a  thin  cream  with  a 
small  quantity  of  cold  water.  Pour  this  into  about  100  c.c. 
of  water  which  is  boiling  in  a  porcelain  dish,  and  continue 
the  boiling  for  a  few  minutes.  Allow  the  liquid  to  stand 
until  it  is  cold,  and  pour  off  the  clear  solution.  It  is  neces- 
sary to  prepare  this  starch  solution  immediately  before  it  is 
used,  since,  after  the  solution  has  been  kept  for  some  time,  it 
does  not  give  an  intense  colour  with  iodine. 

279.  Process  of  Standardising  the  Iodine  and  Thio- 
snlphate Solutions. — If  the  thiosnlphate  solution  alone  is  to 
be  standardised,  the  process  which  is  described  in  par.  280 
may  be  employed.  Usually  it  is  only  necessary  to  determine 
the  value  of  the  thiosulphate  solution  in  relation  to  the  stand- 
ard iodine  solution.    This  is  effected  in  the  following  manner. 
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Measure  20  c.c.  of  the  iodine  solution  into  a  beaker,  and 
dilute  it  with  water.  Then  add  the  thiosulphate  solution 
gradually  from  a  burette,  until  the  colour  of  the  liquid  fades 
to  a  pale  yellow  tint.  Now  add  a  few  drops  of  the  starch 
solution,  and  continue  the  titration  until  the  blue  colour  thus 
produced  just  disappears. 

The  iodine  solution  should  require  the  addition  of  20  c.c. 
of  thiosulphate  solution.  If  more  or  less  than  this  volume  is 
required,  the  factor  which  is  necessary  to  correct  the  volume 
should  be  noted  on  the  label  of  the  thiosulphate  solution,  the 
iodine  solution  being  taken  as  the  standard. 

Thus,  if  20*2  0.0.  of  the  thiosulphate  solution  are  required  for  20  cc. 

of  the  iodine  solution,  each  c.c.  of  the  thiosulphate  solution  will  be 

20 
equivalent  to  oaTo^^'^^  ^■^-   ^^  ^^®  iodine  solution.      Hence  the 

number  of  ao.  of  thiosulphate  solution  which  have  been  used  in  any 
estimation  will  require  to  be  multiplied  by  0*99,  in  order  to  ascertain 
the  corresponding  volume  of  the  iodine  solution.  The  number  0*99  is 
termed  the  factor  of  the  thiosulphate  solution,  and  is  entered  as  such 
upon  the  label  of  the  bottle. 

28a  The  Thiosulphate  Sdlntion  may  be  Standardised  by  adding  it 
to  the  standard  solution  of  potassium  dichromate  (254)  or  of  potassium 
permanganate  (264),  which  has  been  mixed  with  excess  of  EI  solution 
and  has  then  been  acidified  with  HSSO4.  The  following  are  the 
reactions  upon  which  the  titration  depends : — 

KjCraOy + 6KI  +  7H^04 = 8I2 + iKaSO^  +  Cr^S04),  +  7H,0. 
KjMnjOg  +  lOKI  +  8H^04 = 6I2 + 8HjO  +  2MnS04  +  6K2SO4. 

It  will  be  seen  that  the  iodine  which  is  liberated  is  proportional  to 
the  weight  of  Kfirfij  or  of  EsMnsOg,  which  is  present 


Estimation  of  Antimony  in  Tabtab-bmbtio  by  means  of 

Standabd  Iodinb  Solution. 

281.  When  iodine  is  added  to  an  alkaline  solution  con- 
taining SbgOjj,  the  following  reaction  takes  place : — 

SbgOg  +  2I2  +  2H2O  =  SbgOfi  +  4HT. 

Since  free  hydriodic  acid  is  formed  in  this  reaction,  suffi- 
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dent  alkali  must  be  present  to  neutralise  this  acid.  A  normal 
alkaline  carbonate  affects  iodine,  hence  a  bicarbonate  must 
be  employed  for  the  neutralisation.  For  every  decigram  of 
SbjOg  present  in  the  liquid,  about  25  c.c.  of  a  saturated 
solution  of  NaHCOg  in  cold  water  should  be  added. 

Weigh  out  accurately  about  1  '5  grams  of  anhydrous  tartar- 
emetic,  KSbOC^H^Og  (82,  Exp.  26),  dissolve  it  in  water, 
and  dilute  the  solution  to  250  c.c.  Transfer  25  cc.  of  this 
solution  to  a  beaker,  and  add  an  equal  volume  of  a  cold 
saturated  solution  of  NaHCO,  free  from  NagCO,.  Now 
pour  in  a  few  drops  of  starch  solution  (278),  and  add  the 
iodine  solution  from  a  burette  provided  with  a  glass  stopcock^ 
until  a  faint  blue  colour  just  appears.  The  blue  colour  dis- 
appears when  the  liquid  is  stirred,  and  the  appearance  of  a 
slight  permanent  blue  tint  is  taken  as  indicating  the  com- 
pletion of  the  reaction. 

The  amount  of  Sb203  present  can  be  calculated  from  the 
equation  at  the  bottom  of  page  211,  when  the  amount  of 
iodine  which  is  required  for  its  oxidation  is  known. 

The  above  method  is  also  applicable  to  the  estimation  of  antimoni- 
OQS  oxide.  The  oxide  is  first  dissolved  in  tartaric  acid  and  water. 
The  tartaric  acid  is  then  exactly  neutralised  by  means  of  KaOH  solu- 
tion, the  requisite  quantity  of  NaHCOt  is  added,  and  the  titration  is 
performed  as  is  described  above. 


Estimation  op  Absbnio  in  Arshn/oits  and  Absbn/c  Oxidbs, 
and  in  thbir  compounds,  bt  mbans  of  lodinb. 

282.  When  iodine  solution  is  added  to  an  alkaline  solution 
of  AsjOg,  the  following  reaction  takes  place : — 

AsgOg  +  2I2  -h  2HjO  =  AsjOj  +  4HI. 

Before  the  process  of  estimation,  which  is  based  on  this  reaction,  can 
be  applied  to  the  higher  oxide  As^Og,  that  oxide  must  be  reduced  to 
AssO)  by  passing  SOj  gas  to  saturation  into  the  solution.  The  excess 
of  SOg  gas  is  then  driven  off  by  boiling  the  liquid,  and  the  solution  of 
AsgOs  is  titrated  as  is  described  below. 
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If  both  oxides  of  arsenic  are  present,  the  AssO,  alone  is  first  estinuited 
in  part  of  the  solution.  A  fresh  portion  of  the  original  solution  is  then 
reduced  by  sulphurous  acid  as  is  described  above,  and  the  AssO,  is  again 
titrated  :  the  total  amount  of  As  present  in  the  original  solution  is  thus 
estimated  as  As,0^  From  these  two  determinations  the  amounts  of 
AssO,  and  of  Aafig  which  were  originally  present  are  easily  calculated. 

For  practice  in  the  estimation,  weigh  ont  accurately  about 
1*5  grams  of  commercial  sodium  arsenate,  and  dissolye  it  in 
about  150  cc.  of  water.  Add  a  little  acetic  add  and  sodium 
acetate  to  the  solution,  and  boil  for  ten  minutes,  in  order  to 
remove  any  nitrite  which  may  be  present.  Cool  the  solution 
and  dilute  it  to  250  cc. 

The  amount  of  arsenious  oxide  in  25  cc.  of  this  solution  is 
determined  by  mixing  it  with  saturated  NaHCOg  solution  in 
moderate  excess,  as  shown  by  methyl-orange,  then  adding 
.  starch  solution,  and  titrating  with  standard  iodine  solution, 
which  is  added  until  a  slight  permanent  blue  coloration 
appears. 

The  arsenic  oxide  in  100  cc  of  the  original  solution  is 
then  reduced  by  treatment  with  excess  of  SOg  gas,  and  the 
excess  is  removed  by  boiling.  The  solution  is  then  cooled 
and  made  up  to  200  cc  The  amount  of  Asfi^  in  50  cc  of 
this  solution  (25  cc  of  the  original  solution)  is  found  by  add- 
ing NaHCOg  in  moderate  excess,  as  indicated  by  methyl- 
orange,  and  titrating  with  the  iodine  solution. 

The  difference  between  the  two  titrations  gives  the  amount 
of  AS2O3  which  was  originally  present  as  As^Og. 

The  oxides  of  arsenic  may  be  estimated  by  this  method.  They  are 
first  dissolved  in  HGl.  This  solution  is  exactly  neutralised  by  NaOH 
solution,  mixed  with  KaHGO,  solution,  and  then  finally  titrated  with 
the  iodine  solution. 


Estimation  of  Stannous  Chlobidb  bt  means  of  Iodinb. 

283.  When  iodine  solution  is  brought  into  contact  with 
stannous  chloride  solution,  one  molecule  of  iodine  (Ij)  con- 
verts one  molecule  of  stannous  chloride  (SnClj)  into  stannic 
compound. 
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A  process  for  estiinatiiig  stannous  salt  by  means  of  iodine 
is  founded  on  this  reaction. 

Dissolve  about  1  gram  of  the  tin  salt,  or  0*5  gram  of  metallic 
tin,  in  hydrochloric  acid. 

The  air  should  be  displaced  from  the  vessel  by  a  current  of  carbon 
dioxide  gas,  so  as  to  prevent  oxidation  and  formation  of  stannic  salt 
from  occurring  during  the  process  of  solution.  The  solution  of  metaUie 
tin  may  be  hastened  by  the  addition  of  pieces  of  platinum  foil. 

To  this  solution  add  Eochelle-salt  solution,  and  then 
sodium  bicarbonate  solution  in  excess,  adding  more  Bochelle- 
salt  solution,  if  necessary,  in  order  to  render  the  solution 
clear. 

Dilute  the  solution  with  water  to  a  volume  of  250  cc,  and 
titrate  an  aliquot  part  of  the  liquid  with  deci- normal  iodine 
solution,  using  starch  as  the  indicator. 

253*72  parts  by  weight  of  iodine  correspond  to  190  parts 
of  SnClg  and  to  119*1  parts  of  Sn. 


Estimation  op  Hydrogbn  Sulphide  in  Aqueous  Solution 
BT  hbans  op  Standard  Iodinb  Solution. 

284.  When  a  sufficiently  dilute  solution  of  hydrogen 
sulphide  is  brought  into  contact  with  free  iodine,  the  follow- 
ing reaction  takes  place: — HgS  +  Ig  =  2HI  +  S.  Hence  in 
the  exact  conversion  of  I  into  HI  by  H^S,  253'72  parts  by 
weight  of  iodine  react  upon  34*07  parts  of  H^S. 

If  the  solution,  in  which  the  HgS  is  to  be  estimated  by  the 
above  reaction,  contains  more  than  0*04  per  cent,  by  weight 
of  the  gas,  the  change  may  not  occur  entirely  according  to 
the  above  equation. 

Two  methods  of  procedure  are  described  below : — 

In  the  first  method  (285)  the  hydrogen  sulphide  is  directly 
titrated  by  adding  the  iodine  solution  under  suitable  condi- 
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tions  to  the  hydrogea  sulphide  solution  until  the  reaction  is 
just  completed. 

In  the  second  method  (286)  the  iodine  solution  is  at  once 
added  in  excess  to  the  hydrogen  sulphide  solution.  The  total 
volume  of  iodine  solution  added  is  known,  and  the  excess  of 
iodine  is  then  estimated  by  means  of  thiosulphate  solution. 

The  seoond  method  is  usually  more  accurate  than  the  first,  since  it 
preyents  the  risk  of  hydrogen  sulphide  escaping  into  the  air  during  the 
titration.  It  may  be  advantageously  applied  to  check  the  result  which 
has  been  previously  obtained  by  the  first  method,  the  first  determina- 
tion being  made  in  order  to  ascertain  how  far  it  is  necessary  to  dilute 
the  liquid  in  order  to  obtain  accurate  results. 

285.  Direct  Titration  with  Standard  Iodine  Solution. — 

Prepare  some  solution  of  H^S  by  passing  the  gas  into  water ; 
mix  a  measured  quantity  of  this  liquid  with  a  little  starch  solu- 
tion (278)  and  titrate  it  with  deci-normal  iodine  solution.  This 
titration  will  roughly  indicate  the  volume  of  iodine  solution 
which  is  required  for  the  oxidation  of  the  solution  of  HgS. 

If  the  weight  of  hydrogen  sulphide  in  the  solution  is 
greater  than  0  04  per  cent.,  measure  the  rest  of  the  solution. 
Then  dilute  it  with  air-free  water  until  it  contains  less  than 
0'04  per  cent.,  and  titrate  a  measured  volume  of  this  solution 
with  iodine.  This  titration  will  indicate  very  nearly  the 
true  amount  of  iodine  solution  required.  But  since  loss  of 
the  hydrogen  sulphide  occurs  both  by  escape  into  the  air  and 
by  oxidation  from  the  air,  during  the  process  of  the  titration, 
the  results  will  be  rather  too  low.  This  error  may  be  avoided 
by  proceeding  as  follows,  or  according  to  the  directions  in 
par.  287. 

Introduce  into  a  flask  a  volume  of  the  iodine  solution 
somewhat  less  than  that  which  was  required  in  the  last 
titration,  and  add  to  this  the  volume  of  diluted  hydrogen 
sulphide  solution  which  was  then  employed.  This  amount 
will  destroy  the  colour  of  the  iodine  solution.  Now  add  a 
little  starch  solution,  and  carefully  add  more  iodine  solution 
in  measured  quantity  until  a  permanent  blue  colour  is  just 
obtained. 
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From  the  total  volume  of  iodine  solution  which  has  been 
used,  the  amount  of  hydrogen  sulphide  can  be  calculated  by 
means  of  the  equation  (284). 

286.  Addition  of  the  Hydrogen  Sulphide  Solntion  to 
Excees  of  Standard  Iodine  Solution  and  Titration  of  the 
Excess. — Greater  accuracy  ia  attained  by  first  diluting  the 
hydrogen  sulphide  solution,  if  necessary,  until  it  contains  not 
more  than  0*04  per  cent,  of  the  gas  (285),  and  then  adding  a 
measured  volume  rapidly  to  an  excess  of  the  standard  iodine 
solution,  the  volume  of  which  must  be  accurately  known. 
The  presence  of  the  iodine  in  excess  is  indicated  by  a  per- 
manent yellow  colour  remaining  in  the  liquid  after  it  has 
been  stirred. 

The  amount  of  free  iodine  present  in  the  liquid  is  then  esti- 
;nated  by  means  of  standard  sodium  thiosulphate  solution  in 
the  presence  of  starch  solution  (279)»  ctnd  the  weight  of  iodine 
required  for  the  oxidation  of  the  hydrogen  sulphide  may 
then  be  found  by  difference.  From  this  the  amount  of  the 
sulphide  can  be  calculated. 


Estimation  op  Sulphur  Dioxide  in  Aquhous  Solution 

BT   MBANS   op   IoDINB    SOLUTION. 

287.  If  a  sufficiently  diltde  solution  of  sulphur  dioxide  gas 
is  mixed  with  iodine  solution,  the  following  reaction  takes 
place:— SOJ  +  I2  + 2H20-H2S04+ 2m.  It  will  be  seen 
from  the  equation  that  253*72  parts  by  weight  of  iodine 
correspond  to  64'06  parts  of  SOg. 

The  solution  must  not  contain  more  than  0*05  per  cent,  by 
weight  of  sulphur  dioxide,  else  the  reaction  may  not  be  of 
this  definite  character.  It  is  also  necessary  to  insure  the 
presence  of  an  excess  of  iodine  during  the  titration,  if  the 
determination  is  to  be  accurate. 

Two  methods  of  procedure  may  be  adopted.  The  second 
method  (289)  is  to   be   preferred  when  great  accuracy  is 
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required :  but  it  will  usually  be  found  convenient  to  deter- 
mine the  SO2  roughly  by  the  first  method  (288)  and  then  to 
check  the  result  by  applying  the  accurate  method  (289)  to  a 
fresh  portion  of  the  SO,  solution,  which  has  been  suitably 
diluted  if  necessary. 

288.  Dilute  10  C.C.  of  the  ordinary  solution  of  sulphurous 
acid  to  1  litre  by  the  addition  of  air-free  water.  Fill  up  the 
burette  with  this  solution,  and  add  it  rapidly  to  a  known 
quantity  of  the  iodine  solution.  As  soon  as  the  iodine  solu- 
tion has  faded  to  a  pale  straw  colour,  add  a  little  starch 
solution  (278),  and  continue  the  addition  of  the  sulphur 
dioxide  solution  until  the  blue  colour  just  disappears. 

289.  Greater  accuracy  is  attained  by  adding  a  definite 
quantity  of  the  suitably  diluted  sulphur  dioxide  solution  to 
a  measured  volume  of  the  iodine  solution.  The  iodine  solu- 
tion must  be  in  excess ;  this  is  shown  by  the  colour  of  the 
liquid  remaining  after  it  has  been  well  shaken.  The  excess 
of  iodine  is  then  titrated  by  sodium  thiosulphate  solution 

(279)- 


ESTDfATION   OF  TmOSULPHATB  BT  MEANS  OF  loOINB. 

290.  Ajs  has  been  already  explained  (275)>  &  soluble  thio- 
sulphate undergoes  a  definite  chemical  reaction  with  iodine. 
Hence  a  thiosulphate  may  be  estimated  by  means  of  standard 
iodine  solution. 

If  the  sodium  salt,  NajSjOj-SH^O,  is  used,  the  reaction 
which  takes  place  is  as  follows : — 

2Iira8S  jOg  +  Ij  =  NajS^Og  +  2NaI. 

For  practice  in  the  estimation  weigh  out  accurately  about 
10  grams  of  sodium  thiosulphate,  dissolve  this  in  water,  and 
make  up  the  solution  to  1  litre.  Titrate  20  c.c.  of  this  solu- 
tion with  standard  iodine  solution,  as  is  described  in  para- 
graph 275^  

Estimation  of  Soluble  Cyanide  by  Iodine. — See  paragraph  806. 
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UBX  OF  STANDARD  SODIUM  THIOSULPHATIB 
SOLX7TION  WITH  POTASSIUM  IODIDE. 

Many  substances  have  the  power  of  liberating  iodine 
from  a  solution  of  potassium  iodide.  Thus  free  chlorine 
reacts  upon  potassium  iodide  solution  in  the  following 
manner :— CI  +  KI  =  KCl  + 1. 

Each  substance  liberates  its  chemical  equivalent  of  iodine, 
and  this  iodine  is  then  easily  estimated  by  standard  thio- 
sulphate  solution  (279,  280).  Hence  the  reaction  is  fre- 
quently made  use  of  in  volumetric  analysis,  as  an  indirect 
means  of  estimation. 

When  some  substances  are  heated  with  hydrochloric  acid, 
they  liberate  a  definite  proportion  of  chlorine.  Thus,  when 
manganese  dioxide  is  heated  with  hydrochloric  acid,  the  follow- 
ing change  occurs :— Mn02  +  4HC1  -=012  +  MnClj  +  2H2O. 
The  chlorine,  which  is  thus  eyolved,  may  be  conducted  into 
potassium  iodide  solution,  when  iodine  will  be  liberated  as  is 
described  above.  The  amount  of  iodine  liberated  will  be 
equivalent  to  the  chlorine,  and  is  therefore  proportionate  to 
the  ''  available  oxygen  "  present  in  the  manganese  dioxide. 


Estimation  of  Chlobinb  in  Aquboub  Solution  bt 

MEANS  OF   KI   AND   ThIOSULPHATB   SOLUTION. 

29X.  Mix  a  measured  quantity  of  dilute  chlorine  solution 
with  solution  of  potassium  iodide.  Take  care  that  an  excess 
of  potassium  iodide  is  employed,  as  is  shown  by  the  liquid 
remaining  brown  or  yellow  in  colour  after  it  has  been  well 
mixed.     (See  Note,) 

Then  determine  the  amount  of  free  iodine  by  titration 
with  standard  sodium  thiosulphate  solution  (279). 

In  calculating  the  weight  of  chlorine  present,  it  must 
be  remembered  that  35*45  of  chlorine  liberate  126*86  of 
iodine. 
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Note, — ^The  most  satisfiictorj  way  of  insuriDg  the  presence  of  potas- 
sinm  iodide  in  excess  is  to  mix  the  chlorine  solution  with  the  potassium 
iodide  solution  as  has  heen  directed  above.  An  aliquot  part  of  this 
liquid  is  then  removed  and  titrated  with  the  standard  thiosulphate 
solution.  Another  equal  volume  of  the  liquid  is  then  mixed  with 
additional  potassium  iodide  solution,  and  is  titrated  with  the  thiosul- 
phate. If  the  two  titrations  yield  identical  results,  the  potassium 
iodide  solution  was  originally  present  in  excess. 


ESTIHATIOK  OF  BrOHINE  IN  AQUEOUS  SOLUTION. 

292.  The  bromine  solution  is  diluted,  if  necessary,  and  is  added  to 
an  excess  of  potassium  iodide  solution  (NoUy  291).  The  iodine,  which 
is  liberated  by  the  bromine,  is  then  titrated  by  standard  thiosulphate 
solution  (279).  In  calculating  the  weight  of  bromine  present  in  the 
original  solution,  it  must  be  remembered  that  the  79*96  of  bromine 
liberate  126*86  of  iodine. 


Estimation  op  thb  "Availablb  Chlorine"  in  Blbachino- 
Powder  bt  means  of  KI  and  Thiosulphate. 

Note. — Refer  to  paragraph  250  for  an  explanation  of  the  term 
"  available  chlorine." 

293.  Prepare  the  turbid  solution  of  bleaching-powder  in 
the  manner  described  in  paragraph  251.  After  this  liquid 
has  been  well  mixed  by  shaking,  transfer  25  c.c.  of  it  to  an 
8>oz.  beaker  or  flask :  add  an  excess  of  potassium  iodide  solu- 
tion, and  acidify  the  liquid  with  dilute  hydrochloric  acid 
{Note,  291).  Then  determine  the  amount  of  iodine  which 
is  Hberated,  by  means  of  sodium  thiosulphate  solution  and 
starch  (279)- 

The  amount  of  available  chlorine  present  in  the  bleaching- 
powder  is  chemically  equivalent  to  the  iodine  liberated, 
35*45  of  chlorine  corresponding  to  126*86  of  iodine. 

Other  Methods  of  EBtimattng  "  available  chlorine  "  are  described  in 
paragraphs  251  and  262. 
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Indibiot  Estihatioh  of  Manoanbbb  Dioxidb  bt  hhans 
OP  £1  AND  Thiobulfhatb. 

294.  The  manganese  dioxide  is  heated  with  excess  of 
hydrochloric  acid,  and  chlorine  gae  is  evolved.  This  gas 
is  conducted  into  an  excess  of  potassium  iodide  solution, 
and  the  iodine  which  ie  set  fiee  is  estimated  by  means  of 
standard  eodiutn  thiosulphate  and  starch  solutions  (279)>  I^ 
is  evident  that  87-06  parts  of  MnO,  wdll  liberate  70-9  parte 
of  chlorine  and  253'72  parte  of  iodine. 


295.  The  Appontns,  which  is  shown  in  fig.  76,  will  be 
found  useful  for  carrying  ont  the  above  process  of  estimation. 
It  is  prepared  as  follows. 

XbU.—Tba  following  appuatoe  inTotves  tba  um  of  obrks:  thsse 
ara  adnnUgeonsI;  disponied  with  in  Bome  fbnni  of  abwrptioD 
&ppu«tus  which  are  mule  entirely  of  glass. 
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A  small  flask  or  bulb-tube  (a),  of  about  2  oz.  capacity,  is 
connected  with  a  tube  (b)  by  means  of  a  black  rubber  joint, 
within  which  the  glass  tubes  are  brought  into  contact  with 
one  another. 

Upon  the  end  of  b  is  fused  a  thinner  tube  (e),  which  is 
bent  as  is  shown  in  the  figure,  and  is  fitted  to  the  bulbed 
U-tube  (d)  by  means  of  a  rubber  cork.  This  apparatus  will 
be  found  sufficient  for  ordinary  purposes.  But  in  the  figure 
an  additional  plain  U-tube  (e)  is  shown,  which  may  be  used 
as  a  guard-tube  to  prevent  the  escape  of  any  trace  of  chlorine. 
These  U-tubes  are  kept  cool  by  immersing  them  in  cold  water 
contained  in  a  beaker. 

A  plain  bent  glass  tube  of  the  same  diameter  throoghont  as  the  neck 
of  the  flask  may  replace  the  tubes  (b)  and  (e).  The  mbber  corks  and 
connections,  which  are  nsed  in  fitting  up  this  apparatus,  should  have 
been  preyiously  freed  from  sulphur  by  boiling  them  in  sodium  hydrate 
solution. 

296.  The  EBtimaldon  is  carried  out  as  follows.  Weigh  out 
accurately  about  half  a  gram  of  finely-powdered  manganese 
dioxide  into  the  flask  (a).  Half  fill  the  bulbs  of  the  U-tube 
{d)  with  strong  potassium  iodide  solution.  If  the  second 
U-tube  (e)  is  also  used,  pour  into  it  sufficient  potassium  iodide 
solution  to  fill  the  bend.  Ascertain  that  the  apparatus  is 
air-tight,  and  then  add  about  20  c.c.  of  strong  hydrochloric 
add  to  the  manganese  oxide  in  the  flask. 

It  will  be  found  convenient  to  introduce  a  small  piece  of 
magnesite  with  the  manganese  oxide.  On  the  addition  of 
the  acid  a  regular  stream  of  carbon  dioxide  gas  will  then 
flow  through  the  U-tubes  with  the  chlorine,  and  this  will 
dilute  the  chlorine  and  render  the  absorption  less  violent. 

Now  heat  the  flask  gently  by  means  of  a  small  flame : 
and  as  soon  as  the  manganese  dioxide  is  completely 
dissolved,  boil  the  acid  until  all  the  chlorine  has  been 
expelled. 

As  soon  as  all  the  chlorine  has  passed  into  the  absorp- 
tion-tubes, pour  out  the  contents  of  the  first  U-tube  into 
a  beaker,   and  rinse  out  the  tube  also  into  the  beaker. 
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If  the  potassium  iodide  solution  in  the  second  U-tube 
is  yellow,  the  chlorine  has  not  been  completely  absorbed 
by  the  first  tube:  the  contents  of  the  second  tube  must 
therefore  also  be  transferred  to  the  beaker.  The  free  iodine 
in  two  portions  of  this  solution  is  at  once  titrated  by  means 
of  standard  sodium  thiosulphate  solution  and  starch  (279)* 

The  free  iodine  thus  found  is  a  measure  of  the  chlorine 
which  has  been  liberated  by  the  manganese  dioxide,  and  two 
atoms  of  chlorine  correspond  to  one  molecule  of  MnO^,  as  has 
been  already  explained. 


Indirect  Estiiiatiok  of  Chbomatk  bt  means  of  KI  and 

Thiosulphate. 

397.  When  potassinm  dichromate  is  heated  with  strong  hydrochloric 
acid,  the  following  reaction  takes  place : — 

KjCrjO,  +  14HC1 = 8C1,  +  Cr,Cle + 2KC1  +  7H,0. 

Aocordingly  the  process  which  has  been  already  described  (294- 
J96)  for  the  estimation  of  MnO,  may  also  be  applied  to  the  estima- 
tion of  chromate.  It  will  be  seen  that  294*68  of  KaCT,07  yield  2127 
of  chlorine,  and  will  therefore  correspond  to  761  '16  parts  of  iodine 
liberated.  Hence,  when  the  amount  of  iodine  liberated  has  been 
estimated  by  sodium  thiosulphate  solution,  the  amount  of  chromate 
may  be  calculated. 


Indibbot  Estimation  of  Chlorate^  Bromatb,  or  Iodatb 

BT  MEANS   OF   KI  AND   ThIOSULPHATB. 

298.  BiBtillation  Method.— When  a  chlorate  is  heated 
with  excess  of  strong  hydrochloric  acid,  a  mixture  of 
chlorine  with  oxides  of  chlorine  is  evolved.  This  mixture 
sets  free  an  amount  of  iodine  from  potassiimi  iodide  which 
is  equivalent  to  the  total  weight  of  chlorine  present  in  the 
gases  evolved. 

Hence  the  above  method  (294-296)  of  liberating  iodine 
from  potassium  iodide,  and  titrating  it  with  thiosulphate  and 
starch  solutions,  may  be  used  for  the  estimation  of  chlorate. 
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The  acid-radicle  of  a  chlorate  (ClOg)  liberates,  under  the 
above  conditions,  six  atoms  of  iodine.  122*59  parts  by 
weight  of  KCIO3  will  therefore  liberate  126-86  x  6«76116 
parts  of  iodine.  • 

The  corresponding  acid-radicle  of  a  bromaie  (BrOg)  or  of 
an  iodate  (IO3)  liberates  only  four  atoms » 507*44  parts  of 
iodine. 

These  data  suffice  for  calculating  the  weight  of  chlorate, 
bromate,  or  iodate  present,  from  the  result  obtained  bj 
titrating  the  iodine  which  it  can  liberate. 

299.  Bigestion  Kethod. — A  simpler  method  of  estimation  depends 
upon  the  fact  that  some  substances  may  be  estimated  by  the  amount 
of  iodine  which  they  liberate,  when  they  are  simply  digested  with 
strong  bydrochloric  acid  and  potassium  iodide.  This  process  is 
specially  suitable  for  the  estimation  of  bromate  and  of  iodate,  and  is 
carried  out  as  follows. 

Select  a  four-ounce  bottle,  which  is  fitted  with  an  accurately  ground 
stopper.  Test  whether  the  stopper  is  air-tight  by  completely  immers- 
ing the  tightly-stoppered  bottle  in  hot  water :  no  air-bubbles  should 
escape  between  the  neck  and  the  stopper.  If  the  stopper  is  not  air- 
tight, grind  it  into  the  neck  with  very  fine  emery  powder  and  water 
until  it  satisfactorily  stands  the  above  test 

Now  weigh  out  from  0*2  to  0*5  gram  of  the  substance  into  the  bottle, 
add  the  requisite  excess  of  strong  hydrochloric  acid  and  of  potassium 
iodide  solution.  Fasten  the  stopper  down  by  means  of  copper  binding 
wire,  and  heat  the  bottle  in  the  water-bath.  As  soon  as  the  decom- 
position is  complete,  withdraw  the  bottle  from  the  bath  and  allow  it 
to  cooL  Then  empty  the  contents  into  a  beaker,  dilute  the  liquid 
with  water,  and  titrate  the  free  iodine  with  sodium  thiosulphate 
solution  and  starch  (279). 

In  this  process  six  atoms  of  iodine  are  liberated  by  (C10|),  (BrO|), 
and  (10,). 

Indirkot  Estimation  of  Coppbb  in  Solution  bt  migans 

OF   El  AND  ThIOSULPHATB. 

300.  The  process  of  estimation  depends  upon  the  follow- 
ing reaction :— 2CuS0^  -i-  4KI  =  Cujlj  +  1^  +  2K^0^. 

The  potassium  iodide  la  added  in  excess  to  the  copper  solu- 
tion, and  the  liquids  are  thoroughly  mixed.  The  amount  of 
free  iodine  in  the  solution  is  then  titrated  by  standard  sodium 


224  COPPER  BY  THI08ULPHATB.  [SOO.] 

thiosalpbate  solution  and  starch  (279).  The  amount  of 
iodine  which  is  found  by  titration  will  be  proportional  to  the 
amount  of  copper  which  was  originally  present  in  solution, 
as  is  shown  by  the  above  equation. 

In  order  that  the  result  may  be  accurate,  the  copper  solu- 
tion must  contain  no  free  acid  except  acetic  acid.  To  secure 
this,  sodium  carbonate  solution  is  added  to  the  copper  solu* 
tion  until  a  slight  permanent  precipitate  remains.  This  pre- 
cipitate is  then  removed  by  the  careful  addition  of  acetic 
acid. 


PART  III -SECTION  YIIL 


UNOLASSBD  VOLUMBTRIO  ESTIMATIONS. 


Estimation  of  Silvbb  bt  Standard  Soditjic  Chloridb 

Solution. 

301.  When  solution  of  silver  nitrate  is  mixed  with  solution 
of  sodium  chloride,  the  silver  is  precipitated  as  the  white 
insoluble  chloride,  according  to  the  following  equation : — 

AgNOj  +  NaCl  -  AgCl  +  NaNO,. 

A  similar  reaction  occurs  with  any  soluble  silver  salt. 

Accordingly  the  amount  of  silver  present  in  a  solution 
may  be  volumetrically  estimated  by  exactly  precipitating  a 
known  volume  of  NaCl  solution  of  known  strength  by  means 
of  the  silver  solution. 

The  most  convenient  method  of  judging  precisely  the  end 
of  the  reaction  consists  in  adding  a  few  drops  of  potassium 
chromate  solution  to  the  chloride  solution  (302).  Dark  red 
silver  chromate  will  then  be  formed  as  soon  as  the  silver  salt 
has  been  added  in  slight  excess. 

The  method  of  procedure  will  be  different  when  the  silver 
solution  contains  free  acid,  since  free  acid  interferes  with  or 
prevents  the  formation  of  sUver  chromate  (303). 

302.  Estunation  of  Silver  in  Neutral  Solution. — As 

has  been  stated  above,  a  few  drops  of  neutral  potassium 
chromate  solution  are  added  to  a  known  volume  of  standard 
sodium  chloride  solution  before  the  silver  solution  is  allowed 
to  flow  in.    The  presence  of  the  sligJUest  excess  of  silver 

P 
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eolution  after  the  precipitation  of  chloride  is  complete,  ia 
then  indicated  hy  a  permanent  red  colour  remaining  in  the 
torbid  liquid  after  it  has  been  well  mixed. 

Process  of  Edimation. — ^Prepare  a  deci-normal  solution 

58*51 
of  NaCl,  by  dissolving  ■         =  5'851  grams  of  NaCl  in  water, 

fuid  diluting  the  solution  to  1  litre. 

Measure  10  c.c.  of  the  above  solution  into  a  porcelain  dish, 
dilute  it  with  a  little  water,  and  add  three  drops  of  neutral 
potassium  chromate  solution.  Measure  accurately  the  volume 
of  the  well-mixed  silver  solution,  which  is  to  be  titrated ;  and 
then  charge  a  50  c.c.  burette  with  the  liquid.  Now  add  the 
silver  solution  from  the  burette,  with  constant  stirring,  until 
ft  faint  permanent  red  tint  remains  in  the  liquid  in  the  dish. 

It  is  well  to  assist  the  eye  in  detecting  this  slight  red  tint 
in  the  liquid,  by  preparing  a  second  similar  dish  containing 
sodium  chloride  solution,  chromate,  and  silver  solution  in« 
sufficient  in  quantity  to  produce  a  permanent  red  tint.  This 
dish  should  stand  beside  the  first  during  the  process  of  titra- 
tion. The  appearance  of  the  slightest  permanent  red  tint  in 
the  first  dish  is  then  easily  seen  by  comparing  the  colours  of 
the  contents  of  the  two  dishes. 

Each  c.c.  of  the  NaCl  solution  corresponds  to  0*010794 
gram  of  silver;  hence  the  amount  of  silver  present  in  the 
liquid  which  has  been  added  from  the  burette  is  easily  calcu- 
lated. From  this  result  the  amount  of  silver  in  the  whole 
solution  may  then  be  found. 

303.  Estimation  of  Silver  in  Acid  Solution. — Since 
silver  chromate  cannot  be  precipitated  from  an  acid  solution, 
the  precipitation  of  this  compound  cannot  be  used  as  the 
indication  of  the  completion  of  the  process  of  titration,  when 
silver  is  to  be  estimated  in  an  acid  solution. 

The  precipitation  of  the  whole  of  the  silver  from  solution 
is,  however,  known  to  have  taken  place  when  no  further 
turbidity  is  formed  on  the  addition  of  a  chloride  solution. 
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This  method  of  judging  the  end  of  the  reaction  is  possible, 
sinoe  silyer  chloride  is  insoluble  in  solutions  containing  a 
little  free  nitric  acid,  and  it  quickly  subsides,  leaving  a  clear 
supernatant  liquid  when  the  solution  is  vigorously  shaken. 

Deci-normal  sodium  chloride  solution  is  usually  employed 
for  this  estimation.  It  is  added  to  the  silver  solution,  which 
has  been  acidified  with  nitric  acid,  and  the  liquid  is  vigorously 
shaken.  Towards  the  end  of  the  precipitation,  the  sodium 
chloride  is  added  drop  by  drop  until  no  further  precipitate 
appears  on  the  addition  of  the  last  drop.  In  cases  where 
great  accuracy  is  required,  centi-normal  sodium  chloride 
solution  may  be  used  towards  the  end  of  the  process. 

Process  of  Estimation, — Weigh  out  accurately  about  0*4 
gram  of  pure  recrystallised  silver  nitrate  into  a  well-stoppered 
7oz.  bottle.  Add  about  100  c.c  of  water,  and  a  few  drops 
of  strong  nitric  acid.  Cover  the  bottle  during  the  titration 
with  black  velvet  or  cloth  to  prevent  access  of  light.  Then 
add  nearly  the  total  requisite  quantity  of  deci-normal  sodium 
chloride  solution,  about  25  cc,  and  shake  the  bottle  vigor- 
ously until  the  silver  chloride  precipitate  is  clotted  together. 
Tap  the  bottle  on  the  bench  to  cause  any  floating  precipitate 
to  subside. 

Now  drop  in  a  little  more  sodium  chloride  solution.  If 
the  clear  supernatant  liquid  becomes  turbid,  add  more  sodium 
chloride  solution  cautiously,  taking  care  to  shake  the  bottle 
well  after  each  addition.  This  procedure  is  continued  until 
no  further  turbidity  appears  after  the  addition  of  the  last 
drop  of  the  chloride  solution. 

When  the  point  of  complete  precipitation  has  been  nearly 
reached,  the  precipitate  will  be  found  to  subside  slowly: 
but  as  soon  as  a  drop  of  sodium  chloride  has  been  added  in 
excess  the  liquid  clears  more  rapidly.  This  indication  of  the 
presence  of  excess  of  chloride  solution  is  often  valuable. 

Since  each  c.c.  of  the  deci-normal  sodium  chloride  solution 
corresponds  to  0*010794  gram  of  silver,  the  percentage  of 
silver  in  the  salt  is  readily  calculated. 
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Estimation  of  Chloridb  in  Solution  by  Standard 

SiLYER  NiTRATB. 

304.  The  processes  for  the  estimation  of  silYer  by  standard 
sodium  chloride  solution  (302,  303)  also  serYC  for  the  estima* 
tion  of  a  chloride  in  solution  by  standard  silYer  nitrate  solu- 
tion. 

The  amount  of  chloride  in  solution  may  be  readily  esti- 
mated, by  first  adding  a  few  drops  of  potassium  chromate  to 
serve  as  an  indicator,  and  then  titrating  the  liquid  with  deci- 
normal  silver  nitrate  solution. 

Deci-normal  silver  nitrate  solution  is  made  by  dissolving 
16'998  grams  of  AgNOg  in  a  litre  of  water :  and  each  c.c.  of 
this  solution  corresponds  to  0 '003545  gram  of  CI. 

If  the  solution  of  chloride  contains  free  acid,  the  acid  may 
be  exactly  neutralised  by  means  of  pure  'sodium  hydrate  solu- 
tion, and  the  chloride  may  then  be  titrated  in  the  usual  way 
(302).  Or  the  neutralisation  and  the  indicator  may  be  dis- 
pensed with,  and  the  chloride  solution  may  be  added  from  a 
burette  to  a  measured  volume  of  the  standard  AgNOg  solution, 
the  procedure  being  similar  to  that  already  described  in  para- 
graph 303. 


Estimation  of  CrANiDS  by  means  of  Standard  Silver 

NiTRATB  Solution. 

305*  The  hydrocyanic  acid,  or  soluble  cyanide,  is  rendered 
alkaline  by  the  addition  of  potassium  hydrate  solution  in 
excess,  and  standard  solution  of  silver  nitrate  is  added.  As 
soon  as  the  silver  solution  is  present  in  excess,  a  precipitate 
of  silver  cyanide  is  formed. 

During  this  reaction  a  soluble  double  cyanide  of  silver  and 
potassium  is  first  produced  and  no  precipitate  is  formed : — 

2KCN  +  AgNOj  =  KCN.  AgCN  +  KNO,. 
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Bnt  as  soon  as  the  eilyer  solntion  has  heen  added  in  quantity 
more  than  sufficient  for  the  formation  of  the  double  cyanide, 
a  precipitate  of  silver  cyanide  is  produced : — 

KCN.  AgCN  +  AgNOj  =  2  AgCN  +  KNO3. 

The  first  appearance  of  this  precipitate,  therefore,  serves  to 
indicate  the  end  of  the  first  stage  of  the  reaction  referred  to 
above. 

Instead  of  relying  on  the  appearance  of  the  eilyer  cyanide  precipitate, 
A  few  drops  of  sodium  chloride  solution  may  be  mixed  with  the 
cyanide  solution.  The  first  drop  of  silver  solution,  which  is  added 
in  excess  of  that  required  by  the  first  reaction,  will  then  produce  a 
precipitate  of  silver  chloride.  The  solntion  of  sodium  chloride,  there- 
fore^ serves  as  the  indicator  during  the  titration. 

At  the  conclusion  of  the  first  stage  of  the  reaction,  each 
c.c.  of  deci-normal  AgNOg  solution  which  has  been  added 
will  correspond  to  0013036  gram  of  KCN. 

The  solution  in  which  the  cyanide  is  to  be  estimated  should 
be  largely  diluted  with  water  before  it  is  titrated. 

If  the  amount  of  hydrocyanic  acid  present  in  solution  is  to 
be  eslimated  by  this  process,  the  acid  should  be  neutralised 
by  quickly  mixing  it  with  excess  of  potassium  hydrate  solu- 
tion in  a  beaker,  so  as  to  prevent  loss  of  the  volatile  acid. 
The  amount  of  potassium  hydrate  solution  which  is  added 
should  correspond  as  nearly  as  possible  to  that  necessary  for 
converting  the  acid  into  KGN. 

In  order  to  prevent  the  inhalation  of  poisonous  vapour, 
the  solution  of  hydrocyanic  acid  should  be  weighed  instead 
of  being  measured  by  sucking  it  up  into  a  pipette. 

DQute  hydrocyanic  acid  may  be  measured  in  a  pipette,  if  a  plug  of 
cotton-wool  moistened  with  silver  nitrate  solution  is  pushed  into  the 
upper  end  of  the  pipette,  since  this  liquid  absorbs  the  vapour  of  the 
acid  and  prevents  it  from  being  inhaled. 

For  practice  in  the  estimation  use  commercial  potassium 
cyanide.  Weigh  accurately  about  1  gram  of  the  solid 
cyanide,  dissolve  it  in  250  c.c.  of  cold  water,  and  use  25  c.c. 
of  this  solution  for  the  titration.    No  potassium  hydrate 
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solution  need  be  added  to  this  solution,  since  the  commercial 
salt  is  always  alkaline.  Add  deci-normal  AgNOg  solution 
until  a  very  slight  permanent  precipitate  appears.  Then 
calculate  the  amount  of  KCN  present,  on  the  assumption  that 
each  c.c.  of  the  silver  solution  added  indicates  the  presence  of 
0013036  gram  of  KCN. 


Estimation  op  Copper  in  Solution  by  means  op 
Potassium  Cyanide  Solution. 

306.  When  an  ammoniacal  solution  containing  copper  is 
brought  into  contact  with  a  solution  of  potassium  cyanide, 
it  is  decolorised.  On  this  fact,  a  process  for  the  volumetric 
determination  of  copper  in  solution  is  based. 

Since  the  reaction  is  influenced  by  the  quantities  of 
copper,  of  free  ammonia  and  of  ammonium  salts  which  are 
present,  care  must  be  taken  that  the  amounts  of  these  sub- 
stances shall  be  approximately  the  same  in  every  estimation. 

A  standard  solution  of  the  copper  salt  is  first  prepared  by 
dissolving  5  grams  of  pure  electrolytic  copper  in  moderately 
strong  nitric  acid.  The  solution  is  evaporated  to  dryness  on 
the  water-bath  to  expel  the  excess  of  acid.  The  residue  of 
copper  nitrate  is  then  dissolved  in  water,  and  the  solution  is 
made  up  to  1  litre. 

A  moderately  strong  solution  of  potassium  cyanide  is  then 
poured  into  a  burette.  20  c.c.  of  the  copper  solution,  which 
correspond  to  0*1  gram  of  Cu,  are  measured  into  a  beaker, 
and  10  C.C.  of  ammonium  hydrate  solution  of  0*9  specific 
g^vity  are  added.  The  potassium  cyanide  solution  is  then 
added  to  the  copper  solution,  until  the  full  blue  colour 
disappears,  and  only  a  very  pale  lavender  tint  remains.  The 
end  of  the  reaction  is  marked  with  greater  precision  by  the 
appearance  of  this  tint  than  by  the  total  removal  of  the  colour. 

When  the  copper- value  of  the  potassium  cyanide  solution 
has  been  thus  determined,  it  should  be  diluted  until  20  c.c« 
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correspond  to  20  c.c.  of  the  copper  solution.  Each  c.c.  of 
the  potassium  cyanide  solution  is  then  equivalent  to  0*005 
gram  of  copper. 

For  practice  in  this  method,  weigh  out  accurately  about 
10  grams  of  pure  crystallised  copper  sulphate,  CuS04.5H20« 
Dissolve  this,  and  make  up  the  solution  to  half  a  litre  with 
water.  Take  out  20  c.c.  for  the  titration.  Add  to  this 
10  c.c.  of  ammonium  hydrate  solution  of  0'9  specific 
gravity ;  and  allow  the  potassium  cyanide  solution  to  flow  in 
from  the  burette  until  only  the  very  pale  lavender  tint 
remains. 

From  the  volume  of  the  standard  potassium  cyanide  solu- 
tion which  is  required,  the  weight  of  copper  present  and  its 
percentage  proportion  in  the  substance  are  readily  calculated. 


Estimation  op  Zinc  in  Solution  by  hbans  op 
Solution  of  Sodium  Sulphide. 

307*  When  an  ammoniacal  solution  of  a  zinc  compound 
is  treated  with  sodium  sulphide  solution,  the  zinc  is  pre- 
cipitated as  sulphide,  ZnSO^  +  Na-^S  =  ZnS  +  NagSO^.  The 
presence  of  excess  of  sodium  sulphide  may  be  readily  detected 
by  the  brown  precipitate  which  it  forms  in  an  alkaline  solu- 
tion of  a  lead  salt.  The  lead  solution  is  therefore  used  as  an 
indicator  of  the  completion  of  the  titration. 

The  following  solutions  are  required. 

Sodium  Sulphide  Solution. — Hydrogen  sulphide  is  passed 
into  a  moderately  strong  solution  of  sodium  hydrate,  until 
the  liquid  smells  strongly  of  the  gas.  Sodium  hydrate 
solution  is  then  added  in  quantity  sufficient  to  remove  the 
odour  of  the  gas.  This  solution  is  suitably  diluted,  and  is 
used  for  the  titration. 

Alkaline  Solution  of  Lead, — Lead  acetate  solution  is 
heated  with  a  mixture  of  tartaric  acid  solution  and  excess 
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of  sodium  hydrate.  Neutral  sodium  tartrate  solution  may 
be  substituted  for  the  mixture  of  tartaric  acid  with  sodium 
hydrate.  As  soon  as  the  lead  solution  becomes  clear,  the 
heating  is  stopped,  and  the  liquid  is  ready  for  use. 

Standard  Solution  of  Zinc  StdpJuUe,  containing  10  grams 
of  Zn  per  litre,  is  prepared  in  one  of  the  two  following 
ways : — 

(1).  Dissolve  10  grams  of  pure  zinc  in  the  least  possible 
quantity  of  dilute  sulphuric  acid,  and  dilute  this  solution  to 
1  litre. 

(2).  Dissolve  43*9  grams  of  pure  ZnSO^.THjO  in  water, 
and  dQute  the  solution  to  1  litre. 

The  Process  of  Titration, — ^Transfer  25  c.c.  of  the  zinc 
solution  to  a  beaker.  Then  mix  some  solution  of  ammonium 
carbonate  in  five  times  its  weight  of  water,  with  three  times  its 
volume  of  dilute  ammonium  hydrate  solution,  prepared  by 
mixing  strong  ammonium  hydrate  solution  with  three  times 
its  volume  of  water.  Add  this  reagent  to  the  zinc  solution 
until  the  precipitate,  which  forms  at  first,  is  just  redissolved. 

Lay  a  piece  of  filter-paper  upon  a  white  tile  and  place  upon 
it  at  intervals  separate  drops  of  the  alkaline  lead  solution  by 
means  of  a  glass  rod. 

Kow  add  the  solution  of  sodium  sulphide  to  the  zinc  solu- 
tion with  constant  stirring.  From  time  to  time  allow  a  drop 
of  the  liquid  to  fall  from  the  stirring-rod  upon  the  filter- 
paper,  so  close  to  a  drop  of  the  lead  solution  that  it  will 
expand  and  join  it.  In  this  way  the  precipitate  is  filtered 
off  from  the  drop,  and  the  liquid,  in  which  the  ZnS  was 
suspended,  alone  comes  into  contact  with  the  lead  solution. 
The  lead  solution  is  blackened  by  contact  with  the  moist 
ZnS,  and  the  above  precaution  is  therefore  necessary. 

As  soon  as  a  dark  line  is  produced  by  the  contact  of  the 
two  liquids  upon  the  paper,  the  precipitation  of  the  Zn  is 
complete.  A  little  experience  renders  it  possible  to  judge 
the  end  of  the  reaction  with  great  precision. 

The  sodium  sulphide  solution,  which  has  been  prepared 
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as  is  directed  above,  will  probably  be  shown  by  this  titration 
to  be  too  strong.  It  must  be  diluted,  if  necessary,  with  air- 
free  water  until  from  15  to  20  c.c.  of  the  solution  are  required 
to  precipitate  25  c.c.  of  the  zinc  solution. 

When  zinc  is  to  be  estimated  in  a  solution  by  this  method, 
an  aliquot  part  of  the  solution  is  rendered  ammoniacal,  as  has 
been  already  described ;  it  is  then  titrated  with  the  sodium 
sulphide  solution  in  the  manner  just  stated. 


Estimation  of  P^Og  in  SoLtmLB  Phosphatbs  bt  mbans 

OP  Uranium  Solution. 

308.  This  process  depends  upon  the  fact,  that  when  solu- 
tion of  uranium  nitrate  or  uranium  acetate  and  solution  of  a 
phosphate  are  mixed  together,  in  the  presence  of  an  alkaline 
acetate  and  free  acetic  acid,  the  whole  of  the  phosphate  is 
thrown  down  as  uranium  phosphate. 

In  carrying  out  the  process  volumetrically  the  uranium 
solution  is  usually  added  from  a  burette  to  the  solution  of 
the  phosphate,  and  the  presence  of  an  excess  of  the  uranium 
solution  is  detected  by  the  formation  of  a  brown  precipitate 
of  uranium  f  errocyanide,  when  a  drop  of  the  mixed  liquids  is 
brought  into  contact  with  a  drop  of  freshly-prepared  potassium 
ferrocyanide  solution. 

The  following  solutions  are  required : — 

Standard  Solution  of  Uranium  Nitrate, — "Weigh  out 
roughly  35  grams  of  crystallised  uranium  nitrate  [U02(N03)2. 
6H5O],  or  29  grams  of  uranium  acetate  [U02(C2H802)2.2H20], 
add  25  c.c.  of  glacial  acetic  acid,  dissolve  the  salt  in  water, 
and  dilute  the  solution  to  a  litre. 

Standard  Sodium  Phosphaie  Solution, — Weigh  out  accu- 
rately 10*085  grams  of  the  pure,  recrystallised,  non-effloresced 
salt.  Dissolve  this  in  water  and  dilute  the  solution  to  a  litre. 
50  c.c.  of  this  solution  correspond  to  0*1  gram  of  PjOy 
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A  Solution  of  Sodium  Acdate  containing  Acetic  ^cui.— 
This  solution  is  prepared  by  dissolving  100  grams  of  sodium 
acetate  in  water,  adding  100  c.c.  of  acetic  acid  of  about  1*04 
specific  gravity,  and  diluting  the  liquid  to  a  litre. 

A  Solution  of  Poiamum  Ferrocyanide^  which  must  be 
freshly  prepared. 

309.  The  Process  of  Titration,^ AM  to  50  c.c.  of  the 
sodium  phosphate  solution  5  c.c.  of  the  sodium  acetate  solu- 
tion, and  heat  the  liquid  to  90°  C.  by  placing  the  beaker  upon 
a  hot  plate  or  a  water-bath.  Now  add  the  uranium  solution 
from  a  burette,  until  a  drop  of  the  well-mixed  liquids,  when 
it  is  brought  into  contact  with  a  drop  of  potassium  fer- 
rocyanide  solution,,  gives  a  faint  reddish-brown  coloration. 

Heat  the  liquid  once  more  to  90*  C,  and  test  a  drop  again 
with  f errocyanide.  If  the  brown  coloration  still  appears,  the 
titration  has  been  completed.  If,  however,  no  coloration 
appears,  continue  to  add  the  uranium  solution,  until  the 
brown  colour  is  produced  with  the  ferrocyanide  after  the 
liquid  has  stood  for  some  time. 

The  uranium  solution  must  now  be  diluted  until  50  c.c. 
of  the  phosphate  solution  require  20  c.c.  of  the  uranium 
solution.  Each  c.c.  of  the  uranium  solution  will  then 
correspond  to  0*005  gram  of  P2O6. 

In  the  final  titration  it  is  best  to  add  nearly  the  whole 
of  the  uranium  solution  rapidly y  and  to  finish  the  titration  by 
gradually  and  cautiously  adding  the  remainder. 

The  araninm  solution  must  be  titrated  by  a  special  method,  if  it 
is  to  be  used  for  the  estimation  of  calcium  phosphate  or  magnesinm 
phosphate  in  acid  solution  (3x0). 

The  above  procedure  indicates  the  method  of  estimation  of 
phosphate  in  aqueous  solution. 

310.  Estimation  of  Caldum  and  Magnesium  Phos* 
phates. — ^These  phosphates  cannot  be  correctly  estimated  by 
uranium  solution,  which  has  been  standardised  by  means  of 
sodium  phosphate  solution.     The  uranium  solution,  which  is 
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used  for  the  estimation  of  P^Og  in  either  of  these  phosphates, 
must  he  standardised  hy  a  solution  which  contains  5  grams 
per  litre  of  tricaldum  phosphate  instead  of  by  the  sodium 
phosphate  solution. 

Before  this  solution  is  prepared  the  purity  of  the  trical- 
cium  phosphate  must  be  tested  as  follows: — Weigh  out 
accurately  about  0*25  gram  of  pure  commercial  calcium  phos- 
phate. Dissolve  this  in  a  small  quantity  of  nitric  acid,  add 
a  large  excess  of  ammonium  molybdate  solution  (448), 
and  allow  the  liquid  to  stand  in  a  warm  place  for  several 
hours.  The  process  of  precipitation  must  be  proved  to  be 
complete  by  warming  some  of  the  clear  liquid  with  more 
molybdate  solution.  Dissolve  the  precipitate  thus  produced 
in  ammonium  hydrate  solution,  and  estimate  the  P2O5  as 
^^82^2^7  (l3l)«  From  this  result,  the  amount  of  pure 
Ca3(P04)2  in  the  commercial  phosphate  can  be  calculated. 

Now  weigh  out  a  quantity  of  the  commercial  phosphate, 
which  contains  5  grams  of  pure  C&q(P0^)2.  Dissolve  this 
in  a  slight  excess  of  dilute  HCl,  and  dilute  the  solution  to  a 
litre.  Mix  50  c.c.  of  this  solution  in  a  beaker  with  5  c.c.  of 
the  sodium  acetate  solution,  and  add  the  uranium  solution  to 
the  cold  liquid  until  the  final  point  is  nearly  reached ;  then 
heat  to  90**  C.  and  complete  the  titration  (309). 

KoU. — If  the  phosphate  solation  is  heated  at  the  beginning  of  the 
titration,  calcinm  or  magnesium  phosphate  may  be  precipitated :  snoh 
A  precipitate  is  then  redissolved  in  aretic  acid  only  with  much  difficulty. 

From  the  result  of  this  titration  the  phosphate-value  of 
the  uranium  solution,  when  it  is  applied  to  the  estimation  of 
calcium  or  magnesium  phosphate,  may  be  determined. 

311.  Estimation  of  Fhosphatefi  of  Unknown  Composi- 
tion. —  A  substance  of  unknown  composition,  in  which 
phosphate  is  to  be  estimated  by  standard  uranium  solution, 
must  first  be  subjected  to  qualitative  analysis.  The  conditions 
which  are  specified  in  paragraphs  3099  310  with  respect  to 
the  process  of  titration  must  then  be  observed. 


PART  IV. 

GENERAL   QUANTITATIVE 

ANALYSES. 


Introdactory. — The  student  who  has  worked  acoording  to 
the  durections  given  in  the  preceding  pages  will  have  gained 
experience  in  many  ordinary  processes  of  simple  grayimetrio 
and  volumetric  analysis,  and  will  he  in  a  position  to  under- 
stand and  perform  more  complicated  analyses. 

Some  analyses  are  accordingly  descrihed  in  this  part  of  the 
hook,  most  of  which  involve  quantitative  separations.  The 
processes  which  are  made  use  of  are  either  gravimetric  or 
volumetric,  each  process  heing  selected  on  account  of  its 
special  suitahiHty.  Most  of  the  processes  which  are  descrihed 
are  those  actually  in  use  for  technical,  manufacturing,  and 
agricultural  purposes ;  others  serve  for  the  examination  of 
articles  of  food  and  drink.  Most  of  these  analytical  pro- 
cesses are  also  suitahle  for  determinations  required  for  purely 
scientific  purposes ;  those  descrihed  under  Organic  Analysis, 
in  Section  IV.,  are  more  especially  of  this  nature. 

A  few  additional  methods  are  given  in  the  Appendix 
(p.  564).  Eeference  is  in  every  case  given  to  these  in  the 
text  under  the  processes  of  a  similar  nature. 

A  list  of  hooks  of  reference  from  which  fuller  information 
on  special  suhjects  may  he  obtained,  and  a  list  of  joiimals 
which  describe  new  analytical  methods,  will  be  found  in 
paragraph  802. 


PAET  lY.-SEOTIOl^  IX. 


ANALYSIS  OF  ALLOYS,  ORBS,  MINERALS, 
IRON  AND  STEEL,  COAL,  &o. 


Estimation  of  Silykr  and  Copper  in  a  Silver  Coin. 

Two  methods  of  estimation  are  here  descriheli^,  one  of 
which  is  volumetric  and  the  other  gravimetric. 

330.  Volumetric  Method.— Weigh  accurately  a  sixpenny- 
piece,  or  ahout  2  grams  of  clippings  or  turnings  obtained 
from  a  silver-copper  alloy.  Introduce  the  alloy  into  a  small 
flask,  and  place  a  small  funnel  in  the  neck  of  the  flask.  Pour 
a  few  C.C.  of  strong  nitric  acid  and  then  a  little  water  through 
the  funnel  into  the  flask.  A  violent  reaction  will  ensue.  As 
soon  as  this  ceases,  heat  the  flask  on  the  water-bath,  adding 
a  little  more  nitric  acid,  if  necessary,  to  complete  the  solution 
of  the  metaL 

Now  heat  the  solution  in  an  evaporating  dish  on  the 
water-bath,  until  most  of  the  free  acid  has  been  expelled. 
Then  add  water  and  make  up  the  solution  to  200  c.c.  with 
distilled  water. 

Estimation  of  the  Silver. — Measure  20  c.c.  of  this  solution 
into  a  well-stoppered  bottle,  and  add  deci-normal  sodium 
chloride  solution  gradually  from  a  burette,  shaking  the  liquid 
in  the  bottle  vigorously.  The  standard  solution  must  be 
added  until  no  further  precipitate  is  produced  in  the  clear 
liquid  in  the  bottle  by  the  addition  of  the  last  drop  of  the 
sodium  chloride  solution  (303). 

Each  CO.  of  the  sodium  chloride  solution  corresponds  to 
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0*010794  gram  of  silver,  hence  the  percentage  weight  of 
silver  in  the  coin  is  readily  calculated  from  the  result  of  the 
titration. 

Estimation  of  the  Copper. — Measure  50  c.c.  of  the  solu' 
tion  of  the  alloy  into  a  beaker,  add  excess  of  sodium  chloride 
solution,  and  filter  off  and  wash  the  silver  chloride  precipi- 
tate. Add  to  the  filtrate  and  washings  20  c.c.  of  ammonium 
hydrate  solution  of  0*93  specific  gravity,  and  estimate  the 
copper  in  this  liquid  by  titration  with  standard  potassium 
cyanide  solution  (306). 

An  alternative  method  for  estimating  the  copper  is  that 
effected  by  means  of  potassium  iodide  and  sodium  thio- 
sulphate  solution  (300). 

331.  Oravimetilc  Method. — Weigh  accurately  half  a 
threepenny-piece,  or  about  0*5  gram  of  the  clippings  or 
turnings  from  a  silver-copper  alloy.  Dissolve  this  in  nitric 
acid,  and  expel  most  of  the  free  acid  by  evaporation. 

Estimation  of  the  Silver. — Add  to  this  solution  an  excess 
of  sodium  chloride  solution.  Boil  the  liquid,  and  filter  off, 
wash,  and  weigh  the  precipitated  silver  chloride  (123). 

Estimation  of  the  Copper, — Heat  the  filtrate  and  washings 
from  the  silver  chloride  to  boiling,  and  add  a  slight  excess 
of  potassium  hydrate  solution.  Then  filter  off  and  weigh 
the  copper  oxide  thus  precipitated  (90). 

The  thiocyanate  method  of  estimation  (338)  may  be 
substituted  with  advantage  for  the  above  method. 


Valuation  of  Zinc-orbs. 

332.  The  volumetric  process  (307)  is  convenient  for 
estimating  the  percentage  of  zinc  in  many  of  its  ores. 

Blende  and  other  zinc-ores  often  contain  lead,  copper,  and 
cadmium.  These  metals  must  be  removed  from  the  solution 
by  precipitation  with  hydrogen  sulphide  before  the  zino  is 
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estimated.  Iron  and  manganese  also  interfere  with  the 
accuracy  of  the  titration ;  they  may  he  removed  as  is  de- 
Bcrihed  helow.  A  preliminary  qualitative  analysis  of  the 
zinc-ores  should  always  he  made,  in  order  to  ascertain  whether 
any  of  these  metals  are  present. 

333.  Estimation  of  the  Moisture. — It  is  advisahle  in  all 
cases  to  estimate  the  amoimt  of  moisture  in  the  ore,  since 
this  renders  it  possihle  to  calculate  the  percentage  of  zinc  in 
the  dry  ore. 

For  this  purpose  weigh  out  accurately  from  1  to  2  grams 
of  the  finely-powdered  ore.  For  rich  ores  1  gram,  and  for 
the  poorer  ores  2  grams,  will  he  found  a  suitahle  quantity 
for  analysis.  Heat  this  portion  of  the  ore  in  the  steam-oven, 
imtil  its  weight  hecomes  constant  (152).  The  loss  of  weight 
which  it  suffers  represents  the  amoimt  of  moisture. 

334.  Estimation  of  the  Zinc. — ^Place  the  dried  ore  (333) 
in  an  8-oz.  heaker,  and  add  a  little  aqua-regia.  Heat  until 
solution  is  complete,  and  remove  the  excess  of  acid  hy 
heating  the  liquid  in  an  evaporating  dish. 

If  lead  is  present,  add  a  few  drops  of  strong  sulphuric 
acid,  and  evaporate  until  dense  white  fumes  appear.  Extract 
the  residue  with  water,  and  filter.  If  any  other  metals  of 
the  hydrogen  sulphide  group  are  present,  such  as  copper,  they 
must  he  precipitated  hy  passing  hydrogen  sulphide. 

If  the  solution  contains  iron  and  manganese,  convert  the 
iron  into  the  ferric  condition  hy  heating  the  solution  or 
filtrate  with  a  little  strong  nitric  acid.  Add  hromine-water 
in  excess  to  the  cold  solution,  then  ammonium  hydrate  in 
slight  excess,  and  hoil.  Filter  off  the  precipitate,  which 
consists  mainly  of  ferric  hydrate,  and  wash  it  free  from  zinc; 
AmgS  must  produce  no  precipitate  when  it  is  added  to  the  last 
few  drops  of  the  washings.     Add  the  washings  to  the  filtrate. 

If  the  iron  precipitate  is  large  in  amount,  it  must  he  dis- 
solved in  hydrochloric  acid,  and  then  reprecipitated  and 
washed  as  hefore.  This  procedure  will  dissolve  out  the  zino 
which  is  invariahly  precipitated  with  the  iron. 
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Add  the  second  filtrate  and  washings  to  those  previously 
obtained. 

Make  up  this  ammoniacal  zinc  solution  to  one  litre.  To 
50  C.C.  of  the  solution  add  standard  sodium  sulphide  solution 
from  a  burette  in  quantity  exactly  sufficient  to  precipitate  the 
zinc.  The  completion  of  the  reaction  is  known  to  have  been 
reached  when  a  drop  of  the  liquid,  placed  upon  a  piece  of 
filter-paper  and  allowed  to  expand  and  meet  a  drop  of 
alkaline  lead  acetate  solution  which  has  been  absorbed  by 
the  paper,  gives  a  faint  dark  line  of  contact  (307). 

It  is  necessary  to  titrate  the  standard  sodium  sulphide 
solution  immediately  before  it  is  used,  since  it  undergoes 
change  when  it  is  kept. 


Valuation  op  CoppbrtOREs. 


Four  methods  for  estimating  the  amount  of  copper  in  the 
solution  of  a  copper-ore  are  described  below.  The  first  is  an 
electrolytic  method  (335).  The  second,  or  Mansfeld  method 
(336),  is  an  application  of  the  cyanide  process  (306).  The 
third  is  commonly  known  as  the  iodide  method  (337).  The 
fourth  is  the  thiocyanate  method  (338). 

335.  The  Electrolytic  Method. — In  this  process  the 
copper  is  precipitated  from  the  solution  of  the  ore  by  a 
galvanic  current,  and  is  then  weighed  in  the  metallic  state. 

PreparcUion  of  the  Solution  of  tJie  Ore, — "Weigh  accurately 
about  2  grams  of  the  finely-powdered  sample:  and,  if  it 
contains  bituminous  matter,  oxidise  and  expel  the  organic 
matter  by  igniting  the  powder  in  the  air. 

Then  proceed  to  dissolve  the  copper  as  follows.  Pour  a 
little  moderately  dilute  nitric  acid  upon  the  ore  in  an  evapo- 
rating dish,  and  add  about  the  same  quantity  of  dilute 
sulphuric  acid.  Cover  the  dish  with  an  inverted  funnel, 
and  evaporate   nearly  to  dryness  on  a  sand-bath  in  order 
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to  expel  the  excess  of  nitric  acid.  Dissolve  the  residue  in 
Water,  adding  a  few  drops  of  nitric  acid  if  necessary,  and 
filtef. 

Etedrclym  of  the  Solution, — Now  transfer  the  clear  liquid 
to  a  weighed  platinum  dish,  placed  upon  a  bright  metal  ring 
of  a  retort  stand.  Twist  a  stout  platinum  wire  into  a  flat 
spiral,  leaving  about  6  inches  in  the  centre  projecting  at 
right  angles  to  the  plane  of  the  spiral  (fig.  77).  Attach  the 
spiral  to  a  glass  rod,  which  is  clamped  upon  the  retort  stand : 
and  immerse  it  in  the  solution,  taking  care  that  there  is  no 
metallic  contact  between  the  platinum 
wire  and  the  dish.     The  spiral  should  Fig.  77. 

be  about  the  eighth  of  an  inch  from  ^ 

the  bottom  of  the  dish. 

Instead  of  the  spiral,  a  disc  of  thick 
ftlatiiinm-foil,  riveted  to  a  long  stout  platinum 
wire,  may  be  used. 

Now  connect  the  dish  with  the  nega- 
tive terminal  of  a  suitable  battery.* 
This  is  readily  done,  since  the  dish  is  in 
metallic  connection  with  the  retort 
stand ;  it  is  therefore  simply  necessary  to  attach  the  battery* 
wire  to  the  ring  or  to  the  stand,  taking  care  that  the  surfaces 
in  contact  are  bright  and  metallic.  The  platinum  wire  from 
the  spiral  or  disc  is  then  connected  with  the  positive  terminal 
of  the  battery. 

After  some  hours  the  copper  will  be  completely  precipi* 
tated,  and  will  adhere  to  the  inside  of  the  platinum  dish. 

During  the  deposition  of  the  metal,  the  dish  must  be 
covered  by  a  perforated  clock-glass,  or  by  an  inverted  funnel. 
This  prevents  the  loss  of  any  liquid  by  the  spirting  which  ia 
caused  by  the  evolution  of  gas  from  the  surface  of  the  spiraL 

The  under  surface  of  the  cover  should  be  rinsed  into  the 
dish  during  the  latter  part  of  the  process. 

*  Two  or  three  Daniell's  cells  may  be  used,  or  a  current  of  from  0*5 
to  1  ampere  derived  from  other  sources. 

Q 
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Weighing  the  Copper. — As  soon  as  a  few  drops  of  the 
liquid  from  the  dish  give  no  coloration  with  HjS  solution, 
the  dish  is  rinsed  out  first  with  water,  and  finally  with  a  few 
drops  of  alcohol.  It  is  then  dried  in  the  steam-oven  and 
weighed.  From  the  increase  of  weight  of  the  dish,  the 
percentage  of  copper  present  in  the  ore  is  calculated. 

The  copper  may  be  removed  from  the  dish  by  dissolving 
it  in  nitric  acid. 

This  process  of  estimation  requires  no  supervision  after  it 
has  been  started,  and  it  can  therefore  be  allowed  to  proceed 
during  the  night. 

536.  The  ICansfeld  Method.— The  ore  is  first  dissolved  in  acid,  and 
the  whole  of  the  copper  is  precipitated  from  this  solntion  by  immersing 
in  it  a  piece  of  zinc  and  a  strip  of  platinum-foil.  The  copper  is  then 
dissolved  from  the  platinum  strip  by  nitric  acid.  The  acid  solution  is 
rendered  alkaline  by  the  addition  of  ammonium  hydrate  in  excess,  and 
the  alkaline  solution  is  titrated  with  standard  potassium  cyanide  solu- 
tion (506). 

(a).  Solution  of  the  Copper. — ^Weigh  accurately  about  5  grams  of 
the  finely-powdered  ore  into  a  lO^z.  flask.  Add  40  cc  of  hydro- 
chloric acid  of  1*16  specific  gravity.  After  a  time  add  6  c.c.  of  dilate 
nitric  acid,  made  by  mixing  nitric  acid  of  1*2  specific  gravity  with  an 
equal  measure  of  water.  Gently  heat  the  flask  for  thirty  minutes  on  a 
sand-bath,  and  finally  boil  the  liquid  for  fifteen  minutes.  The  whole 
of  the  copper  will  now  be  in  solution.  Remove  the  insoluble  residue 
by  filtration,  receiving  the  filtrate  in  an  18-oz.  beaker. 

(b).  Precipitation  of  the  Metallic  Copper. — ^A  zinc  rod,  free  from  lead, 
and  weighing  about  50  grams,  is  attached  to  a  piece  of  platinum-foil. 
This  is  placed  in  the  filtrate  containing  the  copper.  The  precipitation  of 
the  copper  in  the  metallic  state  commences  as  soon  as  the  warm  filtrate 
comes  into  contact  with  the  zinc  and  platinum,  and  is  complete  in 
about  half  an  hour.  The  spongy  copper  partly  adheres  to  the  plati- 
num, and  is  partly  suspended  in  the  liquid.  Detach  the  copi>er  from 
the  platinum,  remove  the  zinc  and  platinum,  and  wash  the  precipitated 
copper  repeatedly  by  decantation. 

(c).  TUralion  of  the  Standard  Cyanide  Solution* — Standard  potas- 
sinm  cyanide  solution  must  now  be  prepared  as  follows.  Weigh  into 
a  litre-flask  exactly  5  grams  of  chemically  pure  copper,  which  has  been 
preferably  deposited  electrolytically.  Dissolve  this  in  266*6  cc.  of 
nitric  acid,  consisting  of  equal  measures  of  water  and  of  nitric  acid  of 
1*2  specific  gravity.     Dilute  this  solution  to  1  litre. 
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Poar  80  cc.  of  this  copper  solation,  which  is  equivalent  to  0*15  gnm 
of  metallic  copper,  into  a  small  beaker.  Add  10  cc.  of  dilate  ammo- 
nium hydrate  solation,  made  by  mixing  one  Tolnme  of  ammonium 
hydrate  of  0*93  specific  gravity  with  two  volumes  of  water.  Then 
add  the  potassium  cyanide  solution  from  a  burette  to  this  solation, 
until  its  blue  colour  fades  to  a  very  paU  lavender  (306). 

The  copper-value  of  the  potassium  cyanide  solution  is  thus  deter- 
mined, and  the  strength  of  the  solution  must  be  so  adjusted  that  each 
o.c.  is  equivalent  to  0*005  gram  of  copper. 

(d).  Estimatum  of  the  Copper, — Dissolve  the  copper,  which  was 
precipitated  from  the  solution  of  the  ore  (b),  in  8  c.c  of  nitric  acid  of 
the  strength  described  above  (c).  Add  10  cc.  of  the  dilute  ammonium 
hydrate  solution  (0),  and  proceed  with  the  titration  as  is  described 
above  (o). 

If  the  amount  of  copper  in  the  ore  exceeds  6  per  cent ,  dissolve  the 
precipitated  copper  in  16  cc.  of  the  dilute  nitric  acid,  make  up  the 
solution  to  100  cc.  with  distilled  water,  and  withdraw  50  cc  for  the 
titration. 

The  calculation  of  the  percentage  weight  of  copper  in  the  ore  from 
the  result  of  the  titration  is  very  simple.  For,  since  5  grams  of  the 
ore  are  used  and  each  cc.  of  the  potassium  cyanide  solution  corresponds 
to  0*006  gram  of  copper,  each  cc.  of  the  cyanide  solution  used  in  the 
titration  represents  0*1  per  cent,  of  copper. 

This  method  is  rapid,  and  is  accurate  if  it  is  always  carried  out 
under  the  same  conditions.  Care  must,  however,  be  taken  that  lead 
is  not  present  in  large  quantity.  Zinc  must  be  entirely  absent.  The 
solution  should  be  at  ordinary  temperature,  since  heat  seriously  affects 
the  result.  The  strength  of  the  copper  solution  to  be  titrated  should 
not  vary  greatly ;  and  finally  the  same  amount  of  ammoniacal  salt 
should  be  present  in  each  determination. 

337.  Iodide  Hethod. — Weigh  accurately  about  2  grams  of 
the  finely-powdered  ore,  and  prepare  the  solution  of  the  ore,  as 
is  directed  under  the  electrolytic  method  (335)-  Then  either 
precipitate  the  copper  completely  from  the  diluted  solution 
by  passing  hydrogen  sulphide,  and  filter,  and  wash  the  pre* 
cipitate  with  water  containing  hydrogen  sulphide :  or  pre- 
cipitate the  metallic  copper  as  is  directed  in  pars.  335,  336. 

Dissolve  the  precipitate  by  heating  it  with  a  small  quantity 
of  nitric  acid,  evaporate  nearly  to  dryness,  add  some  water, 
and  boil  the  liquid  until  it  ceases  to  evolve  nitrous  fumes* 
Add  sodium  carbonate  until  a  small  permanent  precipitate  is 
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fonned,  then  add  acetic  acid  in  slight  excess.  Dilute  this 
liquid  to  200  c.c,  and  estimate  the  copper  by  adding  potas- 
sium iodide  solution  in  excess,  and  titrating  the  iodine  by 
standard  sodium  thiosulphate  solution  (300). 

338.  EBtiination  of  Copper  as  Cuprous  Thiocyanate. — 

The  copper  ore  is  treated  as  is  directed  in  par.  335  in  order 
to  prepare  a  solution  of  the  copper.  For  this  estimation, 
however,  the  copper  solution  must  not  contain  free  nitric  acid. 
Hence  the  free  acid  in  the  solution  is  neutralised  by  adding 
ammonium  hydrate  solution  in  slight  excess,  and  the  liquid 
is  then  rendered  faintly  acid  in  reaction  by  the  addition  of 
dilute  hydrochloric  acid. 

The  copper  is  then  completely  precipitated  from  the  solu- 
tion by  adding  an  excess  of  a  solution  of  equal  weights  of 
ammonium  thiocyanate  and  of  ammonium  bisulphite.  The 
liquid  is  poured  through  a  tared  filter-paper,  and  the  white 
precipitate  of  cuprous  thiocyanate,  Cu2(CNS)2,  is  washed,  and 
is  then  dried  in  the  steam-oven  until  its  weight  is  constant. 

Note. — Since  copper  is  the  only  meUl  which  is  precipitated  as  thio- 
cyanate from  a  solution  of  chlorides  acidified  with  hydrochloric  acid, 
the  above  process  serves  to  separate  it  from  all  other  metals. 


Valuation  of  Soda-ash. 


339.  Soda-ash  consists  essentially  of  anhydrous  sodium 
carbonate,  but  it  always  contains  sodium  hydrate  and  other 
substances. 

Moisture,  sodium  carbonat-c,  and  sodium  hydrate  are  com- 
monly estimated  in  soda-ash. 

340.  Estimation  of  Moisture. — Weigh  10  grams  of  the 
powdered  soda^ash  into  a  platinum  crucible.  Heat  the  covered 
crucible  for  about  half  an  hour  over  a  small  Bunsen-flame, 
and  weigh  it  when  it  is  cold.  The  loss  of  weight  represents 
the  moisture  contained  in  the  sample. 
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341.  Estimation  of  Sodium  Carbonate  and  Sodium 
Hydrate. — Transfer  the  dried  salt  (340)  to  a  beaker  and 
dissolye  it  in  water  free  from  air.  Filter  ofiF  and  wash  any 
insoluble  matter ;  then  dilute  the  filtrate  and  washings  to  500 
C.C.  with  air-free  water,  and  make  the  liquid  uniform  by 
shaking  it  well. 

Mix  50  c.c.  of  this  solution  with  a  few  drops  of  phenol- 
phthalein  solution  (228) ;  and  then  add  normal  sulphuric  acid 
(235)  slowly  until  the  red  colour  of  the  liquid  is  just  destroyed. 

At  this  point  all  the  sodium  hydrate  and  ane-haff  of  the 
sodium  carbonate  will  have  been  neutralised.  For,  since 
phenol-phthalein  is  sensitive  to  free  carbonic  acid,  its  red 
colour  will  disappear  as  soon  as  the  whole  of  the  sodium 
carbonate  has  been  converted  into  bicarbonate,  and  a  trace 
of  carbonic  acid  has  been  liberated  by  the  action  of  the 
sulphiuic  acid  upon  the  bicarbonate. 

Now  add  a  few  drops  of  methyl-orange  solution  (227)»  &nd 
continue  the  addition  of  the  standard  acid  until  the  colour  of 
the  solution  changes  from  yellow  to  pink.  At  this  stage  the 
whole  of  the  bicarbonate  will  have  been  converted  into 
neutral  sulphate. 

It  is  evident  that  the  sodium,  which  was  present  as  car- 
bonate in  the  original  solution  of  the  sodaash,  is  equivalent 
to  twice  the  quantity  of  acid  which  was  required  for  neutrali- 
sation after  the  addition  of  the  methyl-orange.  Also  that 
the  amount  of  sodium  hydrate  in  the  original  solution  is 
equivalent  to  the  total  amount  of  acid  used,  less  that  corre- 
sponding to  the  carbonate. 

The  following  example  illustrates  the  procedure  and  the 
method  of  calculation. 


iple. — In  a  particular  estimation,  10*024  grama  of  Boda-aali 
were  dissolved  in  water,  and  the  solation  was  made  up  to  500  c.c 

This  liquid  was  titrated  with  normal  sulphuric  acid  solution,  each 
CO.  of  which  corresponds  to  0 '05306  gram  NagCOs,  and  to  0  04006 
gram  NaHO. 

With  phenol-phthalein  as  an  indicator,  50  c.c.  of  this  solution 
required  9 '6  c.c.  of  normal  sulphuric  acid. 

On  the  addition  of  ipethyl-oran^e,  8*4  c.c.  of  additional  acid  were 
required. 
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Therefore  the  total  amoimt  of  aoid  required  was  9'6  + 8*4= 18*0. 

Henoe  the  amount  of  acid  equivalent  to  the  aodinm  oarbonate  pre- 
sent in  50  0.0.  of  this  solntion  was  =8*4  x  2=16*8  c.o. 

And  500  CO.  would  require  =16*8  x  10=168  co.  of  acid. 

Therefore  the  amount  of  NagCOj  in  10*024  grams  of  the  soda-ash = 
168  X  0'05806=8'9141  grams. 

Henoe  the  percentage  of  Na,C03= ^J^i^iii?? = 88*98. 

The  amount  of  acid  equivalent  to  the  sodium  hydrate  In  50  cc  of 
the  solution  is  18-16*8  =  1*2  cc. ;  hence  the  acid  equivalent  to  500 
cc  =1*2  X  10  =  12  cc. 

Therefore  the  amount  of  NaHO  in  10*024  grams  of  the  soda-ash  is 
12x0*04006=0*48072. 

Hence  the  percentage  of  NaHO =^'^^^^2^^^= 4 70. 

Note, — In  technical  analyses  it  is  usual  to  state  the  weights  of  Na,0 
which  are  present  as  oarbonate  and  as  hydrate  respectively. 


Valuation  of  Manganese-orbs. 

'  342.  The  value  of  a  manganese-ore  for  the  preparation  of 
chlorine,  and  for  many  other  purposes,  depends  upon  the 
amount  of  "  available  oxygen  "  which  it  contains.  The  avail- 
able oxygen  is  that  part  of  the  oxygen,  which  is  available  for 
effecting  oxidation  during  the  process  of  solution  of  the  oxide 
in  an  acid.  It  will  be  seen  from  the  following  equation  that 
half  the  oxygen  in  MnOg  is  thus  "  available  " : — 

MnOg  +  H2SO4 = MnSO^  +  HgO  +  0. 

Three  methods  for  estimating  the  commercial  value  of 
manganese-ore  are  described  below.  The  methods  described 
in  pars.  344,  345  determine  the  amount  of  oxygen  which  is 
actually  available  in  practice.  The  methods  described  in 
par.  346,  however,  indicate  the  amount  of  manganese 
peroxide  present  with  greater  accuracy. 

Many  samples  of  manganese-ore  contain  ferrous  oxide. 
7bi9  reduces  the  actual  amount  of  "  available  oxygen  "  in  the 
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manganese  oxide,  since  the  ferrous  oxide  is  converted  into 
ferric  oxide,  and  thus  appropriates  some  of  the  oxygen,  during 
the  applications  of  the  manganese  oxide. 

When  the  estimation  is  to  be  made,  about  10  grams  of  the 
oxide  are  finely  powdered  (34i  35)  as  rapidly  as  possible,  and 
the  powder  is  placed  in  a  stoppered  weighing-bottle. 

343.  Estimation  of  Hoisture. — Most  manganese-ores  con- 
tain combined  water,  in  addition  to  hygroscopic  moisture. 
The  latter  is  usually  estimated  as  follows. 

Weigh  out  from  2  to  4  grams  of  the  ore  accurately  in  the 
watch-glasses  and  clamp  (16),  and  heat  it  in  the  air-oven  (350) 
to  120°  G.  until  the  weight  becomes  constant.  This  tempera- 
ture drives  off  the  hygroscopic  moisture  only. 

344.  Indirect  Estimation  of  the  Available  Oxygen  by 
FotaBsiiim  Iodide  and  Thiosulphate. 

Bumen^a  Method. — About  0*5  gram  of  the  finely-powdered 
dried  ore  (343)  is  accurately  weighed  into  the  small  fiask  (a) 
(fig.  76,  p.  220),  and  is  warmed  with  about  25  c.c.  of  strong 
hydrochloric  acid.  The  chlorine,  which  is  given  off,  is 
absorbed  in  potassium  iodide  solution  contained  in  the  U* 
tube.  The  chlorine  liberates  its  chemically  equivalent  quan- 
tity of  iodine,  and  this  is  then  titrated  with  standard  sodium 
thiosulphate  solution  (296)* 

The  available  oxygen  is  usually  calculated  in  terms  of 
manganese  dioxide,  according  to  the  equation,  MnOj  +  4HC1 
=MnCl2  +  2H30  +  Cl2. 

345.  Estimation  of  the  Available  Oxygen  by  the 
Oxidation  of  a  Ferrous  Salt. — Weigh  accurately  from 
1  to  2  grams  of  pianoforte-wire,  and  dissolve  it  in  dilute 
sulphuric  acid  as  is  described  in  paragraph  255*  Then 
weigh  accurately  about  1*5  grams  of  the  dry  linely-powdered 
manganese-ore  (343),  and  add  it  to  the  iron  solution.  Heat 
the  solution  imtil  the  ore  is  dissolved,  carefully  avoiding  thQ 
f^ess  Qf  air, 
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As  soon  as  the  solution  of  the  ore  is  complete,  estimate  the 
amount  of  unaltered  ferrous  salt  by  means  of  standard  potas- 
sium permanganate  (265)  or  by  standard  potassium  dichro- 
mate  solution  (256). 

The  available  oxygen  is  usually  calculated  from  this  result 
in  terms  of  manganese  dioxide,  from  the  equation, 

2FeS04  +  MnOg  +  2H2SO4  =  ^^2(^0^)9  +  MnSO^  +  2H2O. 

346.  EBtimatloii  of  the  Available  Oxygen  by  the  Oxidation  of 
Oxalic  Acid.— Reference  to  paragraph  150  will  indicate  another  method 
of  valuing  znanganese-ore,  which  may  be  applied  either  gravimetii- 
oally  or  volnmetrically. 

The  weight  of  ozalio  acid  which  can  be  oxidised  by  the  manganese 
oxide  is  obtained  by  this  method.  90  parts  of  H2Ca04  correspond  to 
87*05  parts  of  manganese  dioxide,  and  from  this  relation  the  weight  of 
Mn02  may  be  calcurated. 

Orammetric  EstirtuUion, — Weigh  oat  accurately  abont  8  grams  of 
the  finely-powdered  manganese-ore  {Note^  150).  Introdace  this, 
together  with  2)  times  its  weight  of  neutral  potassium  oxalate,  into 
the  decomposition  flask  (140,  147,  148).  Allow  strong  sulphuric  acid 
to  flow  in,  and  estimate  the  CO,  which  is  evolved  as  is  directed  in  the 
paragraphs  referred  to  above. 

Volt^metrie  ^imation. — Pour  upon  2  grams  of  the  ore,  contained 
|n  a  flask,  50  c.c  of  normal  oxalic  aoid  solution  and  5  or  6  c.c  of 
strong  sulphuric  acid.  Heat  the  mixture  until  all  black  grains  have 
disappeared.  Then  filter  the  liquid,  and  make  the  filtrate  up  to  250 
c,c.  Determine  the  amount  of  nndecomposed  oxalic  acid  in  this  solu- 
tion by  titrating  it  with  standard  permanganate  solution  (266}. 


Estimation  op  the  Amount  op  Hydrochloric  Acid 

REQUIRED  TO  DBOOMFOSB  A  MaNGANESKK)RB. 

347*  It  is  sometimes  necessary  to  determine  for  technical 
purposes  the  amount  of  hydrochloric  aoid  which  is  necessary 
to  decompose  a  manganese-ore. 

The  amount  of  manganese  peroxide  found  in  a  manganese- 
ore  does  not  give  a  true  indication  of  the  amoimt  of  hydro- 
chloric acid  necessary  for  its  decomposition^  siAce  'u\  many 
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manganese-oreB,  M1I3O4,  earthy  carbonates  and  iron  com- 
pounds  are  present.  Hence  the  amount  of  free  acid  which 
disappears  during  the  solution  of  the  manganese-ore,  ia 
usually  in  considerable  excess  of  the  amount  actually  do- 
composed  by  the  MnOg. 

348.  For  the  estimation  of  the  amount  of  acid  actually 
required  for  the  solution  of  the  ore,  use  hydrochloric  acid  of 
about  ri2  specific  gravity.  First  ascertain  the  strength  of 
the  acid  by  means  of  normal  sodium  hydrate  solution  (239). 
Then  pour  1  gram  of  the  finely-powdered  ore  into  a  small 
flask,  add  10  c.c.  of  hydrochloric  acid  of  the  above  gravity, 
connect  the  flask  with  an  inverted  Liebig's  condenser,  and 
heat  the  acid  until  all  action  ceases. 

Now  add  standard  sodium  hydrate  solution  from  a  burette 
to  the  cool  residual  acid  liquid,  until  the  reddish-brown  pre- 
cipitate of  ferric  hydrate,  which  first  appears,  does  not  redis- 
solve  when  the  liquid  is  well  shaken.  This  will  measure  the 
excess  of  acid  which  remains  after  the  decomposition  of  the 
manganese-ore  has  been  efiected. 

The  amount  of  acid  required  for  the  decomposition  of  the 
ore  is  that  which  is  found  to  have  disappeared  diiring  the 
process  of  heating. 

Since  the  amount  of  chlorine  which  has  been  evolved 
during  the  action  of  the  acid  may  be  found  (344),  the 
quantity  of  chlorine  which  remains  combined  as  chloride  in 
the  solution  can  be  calculated  by  difierence. 


Analtsis  of  Limestone  and  of  Maonesian  Limestone. 

349.  Limestone  consists  essentially  of  varying  proportions 
of  calcium  and  magnesium  carbonates.  If  the  proportion 
of  magnesium  carbonate  is  large,  the  limestone  is  called 
magnesian  limestone  or  dolomite.  Limestone  also  usually 
contains  moisture,  silicious  matter,  iron,  and  aluminium ;  and 
OQC^ionally    manganese,    alkali-metals,   and    cc^bon(u?eou9 
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matter.  Sinoe  the  constituents  of  limestone  may  vary,  an 
exhaustive  qualitative  examination  should  precede  the  quan- 
titative analysis. 

For  practice  in  the  following  method  of  quantitative 
analysis,  select  a  homogeneous  piece  of  dolomite.  Reduce 
about  10  grams  of  the  substance  to  fine  powder,  and  place 
the  powder  at  once  in  a  stoppered  weighing-bottle. 

350.  Estimation  of  Hoisture. — Dolomite  rarely  contains 
much  moisture.  In  order  to  ascertain  whether  any  moisture 
is  present,  and  at  the  same  time  to  estimate  its  amount, 
weigh  out  accurately  from  1  '5  to  2  grams  of  the  powder  in 
the  watch-glasses  and  clip  (16),  remove  the  clip  and  upper 
glass,  and  heat  the  lower  glass  and  powder  in  the  air-oven 
(40)  for  an  hour,  at  a  temperature  of  about  200"  C. 

Then  remove  the  substance  from  the  air-oven,  immediately 
covering  it  with  the  other  glass ;  replace  the  clip,  and  aUow 
the  glasses  to  cool  in  the  desiccator.  Weigh  the  glasses 
when  they  are  cold.  If  any  loss  of  weight  has  occurred, 
heat  again  in  the  same  way  in  the  air-oven  for  half  an  hour, 
and  weigh  once  more.  Repeat  these  processes  until  the 
weight  remains  constant  in  two  successive  trials.  The  loss 
of  weight  thus  found  gives  the  amount  of  moisture  present. 

351.  Estimation  of  Carbon  Dioxide. — Transfer  the  dried 
dolomite  (350)  to  the  flask  (a)  shown  on  page  122.  Decom- 
pose the  carbonate  with  hydrochloric  acid,  and  estimate  the 
carbon  dioxide  gas  which  is  evolved  exactly  as  is  described 
in  paragraph  140. 

The  soda-lime  absorption-tube  (/,  p.  122)  must  be  of  sufficient  capa- 
city to  absorb  the  gas  completely.  As  a  precaution,  a  second  some- 
what smaller  soda-lime  tube  may  be  attached  to  this  larger  tube : 
and  any  increase  of  weight  wliich  occurs  in  this  second  tube  must  be 
added  to  the  gain  of  weight  of  the  larger  tube  (/).  This  second  tube, 
or  "  guard  tube,"  senres  to  insure  complete  absorption  of  the  gas.  It 
also  indicates  when  the  soda-lime  in  the  larger  tube  (/)  is  nearly 
saturated  by  repeated  use  and  requires  to  be  replaced,  since  when  this 
is  the  case  the  smaller  absorption-tube  undergoes  maipked  increase  ^n 
weight  during  th^  process  pf  estimation. 
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CatUion, — Gore  most  be  taken  to  preserve  without  loea  the  solution 
which  remains  in  the  decomposition  flask  (a),  as  well  as  all  the  filtrates 
and  washing-waters  which  are  obtained  in  the  following  processes,  sinoe 
these  liquids  are  employed  in  the  estimation  of  constituents  of  the 
limestone. 


352.  Estimation  of  Silidotus  Matter. —The  insoluble  resi- 
due which  is  left  in  the  flask  (35^)  consists  mainly  of  sand 
and  clay.  A  small  quantity  of  silica  will  probably  also  have 
passed  into  the  acid  solution.  The  whole  of  the  silica  which 
was  originally  present  in  the  limestone  may  be  estimated  as 
follows. 

The  contents  of  the  decomposition  flask  are  carefully  rinsed 
out  into  a  porcelain  dish  4  inches  in  diameter,  a  little  strong 
nitric  acid  is  added,  and  the  liquid  is  evaporated  to  dryness 
on  the  water-bath.  The  dish  is  then  heated  in  the  air-bath 
to  150"  C.  for  an  hour  in  order  to  convert  the  silica  into  the 
anhydrous  insoluble  condition. 

The  dish  is  then  allowed  to  cool,  and  its  contents  are 
heated  with  a  small  quantity  of  strong  hydrochloric  acid, 
which  will  dissolve  everything  except  the  silica  and  the  clay. 
A  little  water  is  added,  the  liquid  is  filtered,  and  the  residue 
is  washed  in  the  filter  until  it  is  free  from  acid. 

The  residue  is  then  ignited.  If  it  is  smaU  in  amount,  it  is 
ignited  together  with  the  filter  (73).  If,  however,  the  amount 
of  residue  is  considerable,  the  filter  is  more  conveniently 
incinerated  apart  (74).     For  purity  test  refer  to  par.  172. 

The  residue  thus  estimated  consists  of  silica  and  clay. 

353.  Estimation  of  Ferric  Oxide  and  Almnina. — Add  to 
the  filtrate  and  washings  from  the  estimation  of  silica  (352) 
a  considerable  quantity  of  ammonium  chloride  solution ;  then 
add  ammonium  hydrate  in  very  slight  excess.  Heat  the 
solution  nearly  to  boiling,  and  filter. 

Wash  the  precipitate  of  aluminium  and  iron  hydroxides 
twice  with  hot  water :  then  dissolve  it  in  hot  dilute  hydro- 
chloric acid,  and  reprecipitate  the  iron  and  aluminium  hycLrox- 
ides  by  adding  ammonium  hydrate  in  slight  excess. 
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This  doable  precipitation  is  necessary,  in  order  to  completely  sepa- 
rate the  small  qaantity  of  calcium,  which  is  precipitated  with  the  iron 
and  aluminium  hydroxides  in  the  first  instance. 

Filter,  and  wash  the  precipitate  until  it  is  free  from  dis- 
solved chlorides.  Carefully  mix  together  and  reserve  the 
above  filtrates  and  all  the  washings. 

If  the  precipitate  is  small  in  amount,  and  it  is  not  intended 
to  estimate  the  iron  and  the  aluminium  separately  by  par. 
354,  a,  the  precipitate  may  now  be  dried  in  the  steam-oven, 
and  the  filter  and  precipitate  may  be  ignited  together  (73)  ** 
a  bright  red-heat  in  a  platinum  crucible.  The  ignited  residue 
of  FcjOg  and  Al^Og  is  then  weighed. 

This  residue  is  reserved,  if  necessary,  for  the  estimation  of 
the  Fe  and  the  Al  which  it  contains,  according  to  the  direc- 
tions given  in  par.  354,  b. 

354.  Separate  Estmiation  of  Iron  and  of  Aluminimn, 
or  of  Aluminium  by  Difference. — If  the  amounts  of  iron 
oxide  and  of  aluminium  oxide  present  are  to  be  determined, 
proceed  either  to  separate  the  oxides  of  these  metals  and  to 
estimate  them  separately  (a),  or  to  determine  the  aluminium 
by  diflference  (b). 

The  second  method  (b)  can  be  more  rapidly  carried  out 
than  the  first  (a). 

(a).  Separate  Estimation  of  Aluminium  and  of  Iron. — 
Dissolve  the  washed  precipitate  of  aluminium  and  iron 
hydroxides  (353)  upon  the  filter  in  hot  dilute  hydrochloric 
acid ;  allow  the  solution  to  flow  into  a  nickel  or  porcelain 
dish  containing  about  50  c.c.  of  strong  potassium  hydrate 
solution,  which  must  be  free  from  alumina.  Wash  out  the 
acid,  which  remains  adhering  to  the  filter-paper,  with  a  small 
quantity  of  water,  and  allow  these  washings  also  to  run  into 
the  dish.  Boil  the  contents  of  the  dish  for  a  few  minutes. 
The  iron  will  thus  be  precipitated  as  ferric  hydroxide,  while 
the  aluminium  hydroxide  will  remain  in  solution. 

The  iron  precipitate  is  filtered  off  and  washed.  It  is 
then  dissolved  in  hydrochloric  acid  and  reprecipitated  by  am- 
inonium  hydrate,  in  order  to  free  it  from  potassium  hydrate. 
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The  precipitate  is  then  filtered  off  and  washed,  and  ignited 
at  a  red  heat  (73),  and  is  weighed  as  FejOg  (92). 

The  original  alkaline  filtrate,  which  contains  the  aluminium 
hydroxide,  is  mixed  with  a  slight  excess  of  strong  hydro- 
chloric acid,  and  then  with  ammonium  hydrate  in  very  slight 
excess.  The  precipitate  is  filtered  off,  washed,  dried,  and 
ignited,  and  is  weighed  as  AI2O3  (93). 

(b).  Estimation  of  Iron  and  of  Aluminium  hy  Difference, 
— The  weighed  precipitate  of  FcgOg  and  AlaOg  (353)  is  dis- 
solved by  prolonged  heating  with  strong  HCl.  The  iron 
in  the  solution  is  reduced  by  means  of  stannous  chloride 
(260,  b),  or  by  ammonium  bisulphite  (260,  c),  and  is  titrated 
by  means  of  dichromate  solution  (256). 

The  weight  of  Fe  thus  found  is  calculated  as  Fe^O,,  and 
this  weight  is  subtracted  from  the  original  weight  of  the 
precipitate  containing  the  FcgOg  and  Al^Og.  The  difference 
represents  the  weight  of  the  AljOg. 

355.  Estimation  of  ICanganese.— If  only  a  trace  of  maDganese  is 
present  in  the  limestone  its  estimation  may  be  neglected,  since  it  will 
be  precipitated  with  the  iron  and  will  cause  no  appreciable  error  in  the 
weight  of  FegOg  obtained.  If,  however,  there  is  any  quantity  of  maO' 
ganese  present,  the  iron  and  alnmiuiam  must  be  first  precipitated 
as  basic  acetates  (365) :  the  manganese  is  then  precipitated  from  the 
filtrate  as  hydrated  peroxide  and  estimated  as  is  directed  in  para- 
graph 368. 

356.  Estimation  of  Oaldnm. — Mix  together  the  ammo- 
niacal  filtrates  and  washings  from  the  iron  and  aluminium 
precipitate  (353),  heat  the  liquid  to  boiling,  and  then  add  a 
moderate  excess  of  solid  ammonium  oxalate  (109).  Filtert 
and  wash  the  precipitated  calcium  oxalate  two  or  three 
times.  Dissolve  the  precipitate  in  hot  dilute  hydrochloric 
acid :  filter  if  necessary,  and  reprecipitate  the  calcium  oxalate 
by  adding  a  slight  excess  of  ammonium  hydrate  solution, 
together  with  a  few  drops  of  ammonium  oxalate  solution. 
Filter;  wash,  dry,  and  ignite  the  precipitate,  and  weigh  it 
as  carbonate  or  as  oxide  (iio,  ill). 
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The  above  reprecipitation  of  the  calcium  oxalate  U  neoessaiy,  in 
order  to  completely  separate  the  magnesiam  which  accompanies  the 
first  calcium  oxalate  precipitate. 

357.  Estimation  of  Magnesinm. — Pour  the  filtrates  and 
washings  from  the  calcium  oxalate  precipitate  (356)  into  a 
porcelain  dish  six  inches  in  diameter.  Evaporate  this  liquid 
to  dryness,  lightly  greasing  the  inside  edge  of  the  dish  to 
prevent  the  solution  from  creeping  over  it.  As  soon  as  aU 
the  liquid  has  been  driven  off,  place  the  dish  on  a  sand-bath 
or  on  a  piece  of  wire-gauze,  and  heat  it  as  long  as  fiunes  of 
ammonium  salts  are  driven  off.  This  removal  of  ammonium 
salts  is  necessary,  since  they  prevent  the  complete  precipita- 
tion of  magnesium. 

Treat  the  residue  in  the  cool  dish  with  a  little  strong 
hydrochloric  acid,  warm,  add  water,  and  filter  if  necessary. 
To  the  clear  solution,  contained  in  a  beaker,  add  ammonium 
hydrate  in  moderate  excess,  then  add  excess  of  sodium 
hydrogen  phosphate  solution  and  allow  the  liquid  to  stand 
for  a  few  hours.  Filter,  and  wash  the  precipitate  with  dilute 
ammonium  hydrate  solution ;  then  ignite  it,  and  weigh  the 
Mg  as  MggPjOy  (130). 

The  precipitation  may  be  very  much  hastened  by  shaking 
the  liquid  well  in  a  stoppered  bottle  (IJO). 

358.  Estimation  of  the  Alkali-Hetals. — Sodium  and 
potassium  may  be  estimated,  if  necessary,  as  follows. 

Five  grams  of  the  dolomite  are  dissolved  in  hydrochloric 
acid,  sulphate  is  completely  precipitated  by  adding  BaClj 
solution,  and  the  solution  is  made  alkaline  by  the  addition 
of  excess  of  "milk  of  lime,"  so  as  to  precipitate  all  the  metals 
•except  those  of  the  alkalis. 

The  milk  of  lime  is  prepared  by  stirring  np  freshly  slaked  lime, 
nvhich  must  be  free  from  alkalis,  to  a  creamy  consistency  with  water. 

The  milky  liquid  is  heated  and  then  filtered.  The  excess 
'ol  lime  is  removed  from  the  filtrate  and  washings  by  first 
4Miding  ammonium  hydrate  and  ammonium  carbonate  solu- 
tions in  excess,  and  then  a  few  drops  of  ammoniimi  oxalate 
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sdution.  The  precipitate  is  filtered  off,  and  the  filtrate  is 
acidified  with  HCl,  and  evaporated  to  dryness  in  a  weighed^ 
porcelain  or  platinum  dish. 

The  chlorides  ot  sodium  and  potassium  thus  obtained  are- 
heated  for  a  short  time  in  the  air-bath  at  150"  C.  or  upon* 
the  sand-bath,  and  are  finally  weighed  after  cooling  in  the' 
desiccator. 

In  order  to  remove  a  trace  of  calcium,  this  residue  may  be  dis-- 
solved  in  water  ooutaining  a  little  dilute  HOI,  and  a  few  drops* 
of  solution  of  AmHO  and  of  AmgCgOf  added.  If  a  precipitate' 
forms,  it  \b  filtered  off,  the  filtrate  is  evaporated,  and  the  residue  va 
ignited  and  weighed  as  before. 

359.  The  Proportions  of  the  Sodinm  and  Potassiunr 
Chloiides  which  are  present  in  this  residue  may  be  deter- 
mined by  either  of  the  following  methods,  a  or  b. 

(a).  The  weighed  residue  is  dissolved  in  water,  and  a  few^ 
drops  of  HCl  and  an  excess  of  platinum  chloride  solutioni 
are  added.  The  liquid  is  then  evaporated  on  the  water-bath;, 
and  the  residue  is  treated  with  alcohol,  in  which  the  potas* 
slum  salt,  EjPtClg,  is  insoluble :  it  is  weighed  as  is  described 
in  paragraph  136.  The  weight  of  potassium  chloride  present 
is  then  calculated,  and  the  weight  of  the  sodium  chloride  is 
found  by  difference. 

(b).  The  weighed  residue  of  the  chlorides  is  dissolved  in 
water,  and  the  weight  of  chlorine  is  determined  by  titration 
with  standard  silver  nitrate  solution  (304). 

The  weights  of  sodium  and  of  potassium  present  in* 
the  residue  may  then  be  calculated  from  the  foUowingj 
formulse : — 

Weight  of  K  =  [(AzBIllM:il 
^  0-63 

WeightofNa^^-[<\-,^)^Q-^^] 
^  0-63 

Where  A  ^  the  weight  of  the  mixed  chlorides,  and 

B  =  the   total   weight  of    chlorine   found   in   thtf 
chlorides. 
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The  weight  of  the  oxide  of  each  alkali-metal  which  was 
present  iu  the  limestone  is  calculated  from  the  weight  of  the 
chloride  found. 

360.  lomestone  may  ako  contain  Phosphate,  Sulphate,  Chloride, 
and  Oarbonaoeoiu  Matter. — The  phospliato  may  be  estimated  in  the 
manner  described  under  spatbic  iron-ore  (572). 

The  sulphate  may  be  estimated  by  dissolving  5  grams  of  the  lime- 
stone in  dilute  hydrochloric  acid,  filtering  off  the  residue,  and  precipi- 
Uting  the  SO4  as  BaS04  (96). 

The  chloride  may  be  estimated  by  dissolving  5  grams  of  the  lime- 
stone in  nitric  acid,  filtering  off  the  residue,  aud  precipitating  and 
weighing  the  CI  as  AgCl  (Z13). 

The  amount  of  carbonaceous  matter  may  be  found  by  subtracting 
from  the  total  loss  of  weight  caused  by  ignition  to  redness,  the  weights 
of  moisture  (350),  and  of  CO2  (351}. 

For  the  BesnltB  obtained  by  the  analysis  of  a  limestone  refer  to 
paragraph  746. 


Analysis  of  Spathic  Ibon-orb. 

361.  Spathic  iron-ore  consists  essentially  of  impure  ferrous 
carbonate.  Its  constituents  are  usually  the  same  as  those 
of  limestone,  but  the  proportion  of  ferrous  carbonate  is  high, 
whereas  the  calcium  and  magnesium  carbonates  are  present 
in  small  quantity  only.  Usually  an  appreciable  quantity 
of  manganese  is  present,  and  combined  phosphorus  and 
sulphur  are  frequently  found.  The  phosphorus  and  sulphur 
must  be  carefully  estimated,  since  the  value  of  the  ore,  and 
the  process  of  smelting  it,  are  influenced  by  the  amounts  of 
phosphorus  and  of  sulphur  which  it  contains. 

Preparation  of  the  Ore. — Finely  powder  about  15  grams 
of  the  ore  (34,  35),  and  keep  the  powder  iu  a  clean,  dry 
stoppered  bottle. 

362.  Estimation  of  Water.— Weigh  out  accurately  about 
2  grams  of  the  powdered  ore,  and  estimate  the  moisture  by^ 
drying  it  at  200**  C.  in  the  air-oven  (350). 
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363.  Estimation  of  Carbon  Dioxide. — ^The  amount  of 
carbon  dioxide  is  then  estimated  in  the  dry  ore  (362)  by 
direct  weighing  (351). 

364.  Estimation  of  Silidous  Matter.— The  hydrochloric 
acid  solution,  together  with  the  imdissolved  residue  from  the 
flask  (363),  is  evaporated  with  a  little  strong  nitric  acid. 
The  residue  is  heated  in  the  air-bath  to  150°  C.  for  an  hour, 
and  is  then  heated  with  a  little  strong  HCl  and  some  water. 
The  residue,  consisting  mainly  of  silica,  is  filtered  off,  washed, 
ignited,  and  weighed  (352). 

365.  Estimation  of  Iron  and  Alumininm. — The  filtrate 
from  the  silica  (364)  usually  contains  an  appreciable  amount 
of  manganese. 

If  manganese  is  absent  refer  to  353  for  the  method  of 
precipitating  the  iron  and  aluminium. 

If  manganese  is  present,  the  iron  and  aluminium  should 
be  precipitated  as  basic  acetates  in  the  following  manner. 

Dilute  the  acid  filtrate  (364)  considerably  with  water; 
then  add  ammonium  carbonate  solution  gradually,  and  with 
constant  stirring,  until  the  precipitate  which  forms  at  first  is 
redissolved  with  difficulty.  The  solution  will  now  be  deep 
brown  in  colour.  Continue  the  gradual  addition  of  ammonimn 
carbonate  solution  until  a  very  slight  precipitate  forms,  which 
almost  disappears  when  the  liquid  is  stirred,  the  liquid 
remaining  slightly  opalescent. 

Now  add  a  little  acetic  acid  and  a  moderate  quantity  of 
strong  ammonium  acetate  solution,  and  boil  for  a  short 
time.  Filter  the  liquid  while  it  is  hot  (fig.  57,  p.  74),  and 
wash  the  precipitate  twice  with  boiling  water.  The  filtrate 
and  washings  must  be  clear  and  colourless.  Remove  any 
manganese,  which  has  been  precipitated  with  the  iron  and 
aluminiiun,  by  redissolving  the  precipitate  in  hydrochloric 
acid,  adding  ammonium  carbonate  as  before,  and  reprecipi- 
tating  the  iron  and  aluminium  by  again  boiling  the  solution 
with  acetic  acid  and  anmionium  acetate  solution. 

The  precipitate  will  contain  the  iron  and  aluminium  as 

B 
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basic  acetates ;    the  manganese  will  remain  in  solution. 

Filter,  and  wash  the  precipitate  without  intermission  with  I 

hot  water.     Add  the  first  portion  of  the  washings  to  the 

two  filtrates,  and  treat  the  liquid  as  is  described  later  on  (368). 

This  liquid  should  be  perfectly  colourless.  t 


366.  Separation  of  the  Iron  from  the  Almnimum. — 

The  precipitated  basic  acetates  (365)  may  be  treated  by  either 
of  the  following  methods  (a,  b)  in  order  to  separate  the  iron 
from  the  aluminium. 

(a).  The  precipitate  is  dissolved  in  dilute  hydrochloric  acid, 
and  the  iron  and  aluminium  are  estimated  in  the  solution 
according  to  the  directions  already  given  in  paragraph  354. 

(b).  The  precipitate  is  dissolved  in  hydrochloric  acid,  and 
the  solution  is  made  up  to  250  c.c.  with  water. 

100  c.c.  of  this  liquid  are  mixed  with  excess  of  ammonium 
hydrate  solution.  The  precipitate,  thus  produced,  is  filtered 
off  and  is  weighed  as  is  described  in  paragraph  353.  This 
will  give  the  total  weight  of  FcgOg,  AlgOj,  and  PjOg  in 
100  c.c.  of  the  liquid.     Keep  this  precipitate  carefully. 

The  total  amount  of  iron  is  then  estimated  in  another  part 
of  the  solution.  This  is  effected  by  reducing  two  separate 
portions,  of  25  c.c.  each  (260,  b  or  c),  and  then  titrating  the 
ferrous  salt  with  standard  dichromate  solution. 

The  weight  of  FcgOg,  corresponding  to  the  Fe  in  the  250 
c.c.  of  the  solution,  is  now  calculated.  By  subtracting  the 
sum  of  the  weights  of  the  FcgOg  and  the  PjO^  (372)  from 
the  total  weight  of  FcgOg,  AlgOg,  and  P^Og,  already  found, 
the  weight  of  the  AljOg  will  be  obtained.  The  weight  of 
PgOg  is  usually  so  small  as  to  be  negligeable. 

367.  Efltimation  of  Iron  present  in  the  Ore  in  the 
FeiTOius  State. — ^The  larger  part  of  the  iron  in  the  ore  is 
probably  present  in  the  ferrous  state.  This  is  estimated  by 
dissolving  3  grams  of  the  ore  in  hydrochloric  acid  in  the 
apparatus  shown  in  figs.  74  or  75  (p.  193).  The  process  of 
solution  is  carried  out  precisely  as  is  described  in  par.  255, 
the  ore  taking  the  place  of  the  steel  there  mentioned.     By 
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this  procedure  the  ferrous  compound  present  in  the  ore  is  dis- 
solved, and  its  solution  is  diluted  to  a  known  volume,  with- 
out the  risk  of  changing  any  of  the  ferroiis  into  ferric  salt. 
The  ferrous  salt  in  an  aliquot  part  of  this  solution  is  then 
titrated  by  means  of  potassium  dichromate  solution  (256). 

36S.  Estimation  of  Manganese. — The  filtrate  from  par. 
365  contains  the  manganese,  calcium,  and  magnesium.  Add 
bromine-water  to  this  solution  until  it  acquires  a  permanent 
yellow  colour ;  then  add  excess  of  ammonium  hydrate  solution, 
and  warm.  The  manganese  will  be  precipitated  as  hydrated 
peroxide.  Filter  this  off,  and  add  to  the  filtrate  more  bromine- 
water  and  AmHO  in  order  to  make  sure  that  all  the  man- 
ganese is  precipitated.  Then  wash  the  precipitate,  dry  and 
strongly  ignite  it,  and  weigh  it  as  MugO^  (129). 

369.  Estimation  of  Calcium. — To  the  filtrate  from  par. 
36S  add  a  little  ammonium  oxalate  solution.  Allow  the 
liquid  to  stand.  Filter  off  and  wash  the  precipitate,  dry 
and  strongly  ignite  it,  and  weigh  as  calcium  oxide  (ill). 

370.  Estimation  of  Magnesimn. — Evaporate  the  filtrate 
from  the  calcium  oxalate  precipitate  (369)  to  dryness,  ignite 
the  residue,  and  estimate  the  Mg  as  MggPgO^  (IJO). 

371.  Estimation  of  the  Alkali-Metals. — The  alkali-metals 
may  be  estimated,  if  necessary,  as  is  described  in  par.  358. 

372.  Estimation  of  Phosphate. — ^The  estimation  of  phos- 
phate in  an  iron-ore  is  of  much  importance.  Two  methods 
are  described  below  (a,  b),  of  which  the  second  (b)  is  the 
more  rapid  and  accurate. 

(a).  Any  phosphate,  which  was  present  in  the  original  ore, 
will  have  been  precipitated  with  the  basic  acetates  of  iron 
and  aluminium  (365)- 

The  precipitate  of  FcgOj  +  AlgOj  which  was  obtained  in 
par.  366,  b,  will  therefore  contain  the  phosphate.  Dissolve 
this  precipitate  by  prolonged  digestion  with  strong  hydro- 
chloric acid.  Evaporate  the  solution  to  dryness  on  the 
water-bath,  and  dissolve  the  residue  in  nitric  acid. 
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Add  a  large  excess  of  ammonium  moljbdate  solution 
(448),  and  allow  the  liquid  to  stand  in  a  warm  place 
for  a  few  hours.  Pour  off  the  clear  liquid  and  warm  it  with 
fresh  molybdate  solution,  in  order  to  ascertain  whether  all 
the  phosphate  has  been  precipitated.  Filter  off  the  loose 
yellow  precipitate,  and  wash  it  and  rinse  out  the  beaker  with 
very  dilute  nitric  acid.  Then  dissolve  the  precipitate  which 
remains  adhering  to  the  beaker  by  pouring  in  ammonium 
hydrate  solution,  and  pour  this  off  through  the  filter  in  order 
to  dissolve  the  rest  of  the  precipitate.  Rinse  out  the  beaker 
and  wash  the  filter  well.  Add  excess  of  magnesia  mixture 
(132))  and  estimate  the  phosphate  as  Mg2P207  (131). 

(b).  The  phosphate  may  be  estimated  more  rapidly  as 
follows.  Dissolve  from  3  to  5  grams  of  the  ore  in  nitric 
acid ;  boil  off  most  of  the  acid  :  dilute,  filter,  and  precipitate 
the  phosphate  from  the  filtrate  by  the  addition  of  a  large 
excess  of  ammonium  molybdate  solution  (448).  Treat  this 
precipitate  as  is  described  above  (a),  and  estimate  the  phos- 
phate as  Mg^^PjOy  (131). 

573.  Sulphate  and  Ohloride,  if  they  are  present,  may  be  estimated 
as  is  directed  in  par.  360. 

For  the  Sesults  obtained  by  the  analysis  of  Spathic  Iron-ore  refer 
to  paragraph  747. 


Analysis  of  Manoaness-spaii. 

374.  Manganese-spar  consists  mainly  of  manganese  carbonate  ;  but 
it  usually  contains  small  quantities  of  certain  of  the  substances  which 
are  present  in  limestone  (349). 

Water,  Carbon  dioxide,  Iron,  and  Aluminium  are  estimated  as  is 
described  under  spathic  iron-ore  (362,  363,  365,  366). 

375.  Estimation  of  Ifanganese.— The  filtrate,  from  which  the 
basic  acetates  of  iron  and  aluminium  have  been  precipitated  (368),  is 
neutralised  with  ammonium  hydrate.  A  fair  amount  of  ammonium 
ohloride  is  then  added,  and  either  a  slight  excess  of  freshly  prepared 
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colourless  ammonium  sulphide  is  added,  or  hydrogen  sulphide  is  passed 
into  the  liquid  to  saturation.  The  liquid  ia  now  boiled  for  ten  minutes, 
more  of  the  ammonium  sulphide  or  hydrogen  sulphide  is  added,  and 
the  liquid  is  filtered  through  a  double  filter.  The  precipitate  is  finally 
washed  with  water  containing  a  little  ammonium  sulphide. 

The  precipitate  of  MnS  may  then  be  treated  by  either  of  the 
following  methods. 

(a).  Dissolve  the  precipitate  in  hydrochloric  acid,  boil  off  any  dis- 
solved hydrogen  sulphide  gas,  reprecipitate  the  manganese  as  car- 
bonate, and  weigh  it  as  Mna04  (129). 

(b).  A  quicker  method  consists  in  drying  the  precipitate  of  MnS  in 
the  steam-oven,  and  igniting  it  with  the  filter  (73).  It  is  then  mixed 
with  a  little  sulphur,  heated  in  a  current  of  hydrogen  gas  (67,  794, 
795)  until  the  precipitate  becomes  black,  and  weighed  as  MnS. 

Calcium,  Magneeium,  Alkali-metals,  PhoBphate,  Snlphate,  and 
Ghloride  are  estimated  in  the  filtrate  from  the  MnS  as  is  described  in 
paragraphs  356,  357,  358,  359,  36a 


Analysis  of  Salt-Cake. 

376.  Salt-cake,  or  commercial  sodium  sulphate,  usually 
contains  small  quantities  of  insoluble  matter,  iron,  aluminium, 
calcium,  magnesium,  and  chloride.  For  technical  purposes 
the  minor  constituents  are  frequently  determined  directly, 
and  the  sodium  sulphate  is  then  estimated  by  difference. 

377.  Estimation  of  Moisture. — Salt-cake  rarely  contains 
any  appreciable  amount  of  moisture,  since  it  has  been  sub- 
jected to  a  red-heat  during  its  preparation ;  and,  moreover, 
crystallised  sodium  sulphate  loses  all  its  water  of  crystallisa- 
tion by  prolonged  exposure  to  the  air. 

Weigh  out  10  grams  of  the  salt-cake,  and  heat  it  in  the 
steam-oven  for  two  hours.  The  loss  of  weight  represents 
the  adherent  moisture. 

378.  Estimation  of  Insoluble  Matter. — Treat  the  dried 
salt-cake  (377)  ^^^^  ^^^  water.  Filter,  and  wash  the  residue 
with  hot  water  until  it  is  free  from  soluble  sulphate.     Dry 
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the  residue  in  the  steam-oven,  ignite  it  together  with  the 
filter  (73)  at  as  low  a  temperature  as  possible,  and  weigh  the 
insoluble  matter. 

Make  up  the  filtrate  and  washings  to  500  c.c.  with  water, 
mix  well  by  shaking,  and  use  aliquot  portions  of  this  solution 
for  the  estimations  which  are  described  below. 

379.  Estimation  of  diBSolred  Iron  and  Alimdnium. — 

Measure  out  200  c.c.  of  the  solution  (378)  into  a  beaker,  and 
heat  the  liquid  to  boiling.  Add  a  little  ammonium  chloride 
solution,  and  then  sufficient  ammonium  hydrate  to  make  the 
liquid  smell  faintly  of  ammonia  after  it  has  been  well  stirred. 
Filter,  wash  the  precipitate,  heat  it  to  redness  (73),  and 
weigh  the  Al^Oj  +  FegOg.  This  precipitate  is  usually  so 
small  in  amount,  that  the  separate  estimation  of  Al  and  of 
Fe  (354)  is  not  necessary. 

380.  Estiznation  of  Calcium. — To  the  hot  filtrate  (379) 
add  a  little  ammonium  oxalate  solution,  and  allow  the 
liquid  to  stand.  Filter,  wash  the  precipitate,  ignite  it, 
and  weigh  as  calcium  oxide  (ill). 

381.  Estimation  of  Magnesium. — Evaporate  the  filtrate 
(380)  to  dryness  in  a  platinum  or  porcelain  dish,  and  drive 
off  the  ammonium  salts  from  the  residue  by  ignition.  Dis- 
solve the  residue  in  dilute  hydrochloric  acid,  dilute  with 
water,  and  filter  if  necessary. 

To  the  clear  solution  add  ammonium  hydrate  in  moderate 
excess,  then  a  little  sodium  phosphate  solution,  and  allow 
the  liquid  to  stand  for  some  hours.  Filter,  wash  the  pre- 
cipitate with  dilute  ammonium  hydrate  solution,  then  ignite 
it,  and  weigh  as  Mg^PgOy  (130). 

382.  Estimation  of  Sodium. — Measure  50  c.c.  of  the 
original  solution  (378)  into  a  small  beaker.  Stir  it  with  milk 
of  lime,  which  must  be  added  until  the  liquid  is  distinctly 
alkaline  (358).  Boil,  filter  off  the  lime  with  the  precipitate 
and  wash  it  twice.     Precipitate  the  calcium  from  the  filtrate 
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and  washings  by  adding  ammonium  hydrate  in  slight  excess, 
then  ammonium  carbonate,  and  finally  a  small  quantity  of 
ammonium  oxalate.     Filter,  and  wash  the  precipitate. 

Transfer  the  filtrate  and  washings  to  a  platinum  or  porce- 
lain dish,  and  evaporate  the  liquid  after  adding  some  sulphuric 
acid.  As  soon  as  nearly  all  the  liquid  is  driven  off,  transfer 
it  to  a  platinum  crucible,  and  continue  the  evaporation  to 
dryness.     Ignite  and  weigh  the  residual  sodium  sulphate 

(135). 

Na^. — ^The  percentage  of  sodium  is  frequently  estimated  by  difference 
instead  of  directly,  the  sum  of  the  percentages  of  the  other  constituents 
of  the  salt-cake  being  subtracted  from  100. 

383.  Estimation  of  Sulphate. — ^Add  to  50  c.c.  of  the 
original  salt-cake  solution  (378)  a  little  hydrochloric  acid, 
and  then  barium  chloride  solution  in  excess.  Filter ;  wash, 
dry,  and  ignite  the  precipitate,  and  weigh  as  BaSO^  (96). 

384.  Estimation  of  Chloride.— Add  to  100  c.c.  of  the 
original  solution  (378)  a  little  dilute  nitric  acid.  Then  add 
silver  nitrate  solution  in  excess.  Filter;  wash,  dry,  and 
ignite  the  precipitate,  and  weigh  as  AgCl  (II3). 

For  the  BeBolts  of  an  Analysis  of  Salt-cake  refer  to  paragraph  748. 


Analysis  of  Silioatbs,  whioh  can  be  Ubcomposbd  bt 

Htdroohlorig  Acid. 

385.  Many  natural  silicates  are  completely  decomposed 
when  they  are  heated  in  a  finely-powdered  condition  for  some 
time  with  strong  hydrochloric  acid. 

Many  artificial  silicates,  such  as  the  slags  obtained  in 
smelting  iron-ores,  are  also  completely  decomposed  by  this 
treatment. 

Natural  silicates  of  this  class  usually  consist  mainly  of 
silicates  of  calcium  and  aluminium,  but  they  may  also  contain 
silicates  of  iron,  manganese,  magnesimu,  and  the  alkali-metals. 
Slags  frequently  contain  in  addition  sulphides  and  phosphates. 
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If  the  silicate  cannot  be  completely  decomposed  by  hydro- 
chloric acid,  it  must  be  treated  with  fused  alkaline  carbonates 

(390,  391). 

386.  Estiniation  of  the  Silica. — Weigh  out  accurately 
from  1  to  1*5  grams  of  the  iinely-powdered  silicate.  Heat  it 
with  a  little  strong  hydrochloric  acid  in  a  covered  evaporating 
dish.  As  soon  as  the  decomposition  is  complete,  evaporate 
the  liquid  to  dryness  on  the  water-bath,  with  constant 
stirring  (172),  and  heat  the  dish  in  the  air-bath  to  150*"  C. 
for  about  an  hour. 

Then  treat  the  residue  with  hydrochloric  acid,  and  filter 
off,  wash,  and  weigh  the  silica  as  is  described  in  paragraph 
172,  putting  by  the  filtrate  and  washings  for  subsequent  use. 

A  portion  of  the  silica  should  be  heated  with  hydrofluoric 
acid  in  a  platinum  dish,  and  the  liquid  evaporated  to  complete 
dryness.  If  any  residue  is  left,  a  fresh  portion  of  the  silicate 
must  be  treated  as  \a  directed  in  pars.  390,  391,  since  complete 
decomposition  has  not  been  effected  by  the  hydrochloric  acid. 

387.  Estimation  of  Iron,  Alanuniiun,  and  Manganese. 

— The  method  of  procedure  depends  upon  whether  manganese 
is  present  or  absent. 

(a).  If  Manganese  is  Ahsenty  add  to  the  filtrate  from  the 
silica  (386),  first  some  ammonium  chloride  solution,  and  then 
ammonium  hydrate  in  slight  excess.  Filter  off,  and  wash  the 
precipitate  twice  with  water.  Dissolve  the  precipitate  in 
hydrochloric  acid,  and  reprecipitate  this  solution  as  is  directed 
in  par.  353.  Determine  the  weight  of  the  precipitate  (353), 
and  proceed  to  separate  iron  from  aluminium,  if  necessary, 
as  is  directed  in  par.  354. 

(b).  If  Manganese  is  Present^  precipitate  the  iron  and 
aluminium  together  as  basic  acetates  (365),  and  determine 
the  manganese  in  the  filtrate  (368). 

388.  Oalcinm,  Magnesium,  Alkali-metals,  and  Sulphate 
are   estimated  as  is  directed  in  pars.  356,  357*  35S>  359} 
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360.  Phofipbate  is  estimated  as  is  directed  in  par.  372^  and 
total  Sulphur  by  par.  408.  The  separation  of  the  silica  must 
precede  each  of  these  estimations. 


Analysis  of  Insoluble  Silicates. 

389.  Most  of  the  common  silicates,  such  as  felspar,  mica, 
and  garnet,  contain  the  following  metallic  constituents: — 
aluminium,  iron,  calcium,  magnesium,  and  the  alkali-metals. 

Directions  for  the  analysis  of  the  rarer  silicates,  such  as 
beryl  which  contains  beryllium,  and  petalite  which  contains 
lithium,  will  be  found  in  special  treatises. 

Practice  in  the  analysis  of  an  insoluble  silicate  may  be 
obtained  by  analysing  orthoclase  or  potash-felspar. 

390.  Frepaiatiim  of  the  Silicate. — Powder  very  finely 
about  5  grams  of  potash-felspar  in  the  following  way.  Fold 
a  small  quantity  of  the  mineral  in  a  piece  of  brown  paper, 
and  strike  it  sharply  with  a  hammer  on  an  iron  anvil.  This 
will  break  the  felspar  into  fragments.  Next  coarsely  pow- 
der these  fragments  by  means  of  the  percussion-mortar  (35), 
and  finally  triturate  the  particles  thus  obtained  in  the  agate 
mortar  until  they  are  converted  into  an  impalpable  powder. 

The  success  of  the  analysis  largely  depends  upon  the 
careful  reduction  of  the  substance  to  the  finest  powder.  The 
powder  can  only  be  considered  as  suitable  when  it  passes 
entirely  through  the  finest  of  the  brass  sieves  which  are 
mentioned  in  paragraph  35. 

391.  Treatment  with  Fused  Alkatine  Carbonates. — Now 

"  make  a  fusion  "  in  the  following  way. 

Weigh  out  accurately  about  1*5  grams  of  the  finely- 
powdered  felspar  into  a  platinum  crucible.  Add  about  six 
times  its  weight  of  finely-powdered  fusion-mixture,  consist- 
ing of  sodium  and  potassium  carbonates  in  molecular  propor- 
tions and  intimately  mix  these  powders  by  means  of  a 
smooth  rounded  glass  rod. 


266  GENERAL  ANALYSES.  [S92,  898, 

Unless  the  crucible  is  a  capacious  one,  it  will  be  found 
convenient  to  introduce  the  mixture  little  by  little  during 
the  process  of  fusion,  since  the  substance  usually  froths  con- 
siderably. The  mixture  should  never  more  than  half  fill  the 
crucible. 

Now  place  the  lid  on  the  crucible,  and  heat  it  gently  over 
the  Bunsen-flame.  Gradually  increase  the  temperature,  tak- 
ing care  that  no  loss  arises  from  the  frothing  which  is 
caused  by  the  evolution  of  carbon  dioxide  gas.  As  soon  as 
the  mass  is  fused,  the  crucible  is  kept  at  a  bright  red-heat  in 
the  blowpipe-flame  for  at  least  fifteen  minutes,  imtil  effer- 
vescence ceases  and  the  fused  mass  becomes  tranquil.    , 

392.  Solution  of  the  Metals. — Allow  the  crucible  to  cool 
just  below  redness,  and  then  place  it  on  a  cold  surface,  such 
as  an  iron  plate,  in  order  to  induce  rapid  cooling.  When  the 
crucible  is  cold,  place  it  in  a  deep  evaporating  dish  or  in 
a  shallow  beaker,  add  about  100  c.c.  of  water,  and  either 
boil  for  half  an  hour,  or  let  it  stand  overnight. 

Now  add  tolerably  strong  hydrochloric  acid  gradually, 
keeping  the  vessel  covered  with  a  clock-glass  and  gently 
agitating  the  contents  of  the  beaker  after  each  addition  of 
the  acid. 

When  the  effervescence  has  ceased,  and  the  crucible  is 
free  from  all  adherent  solid,  remove  the  crucible  and  its  lid 
by  means  of  a  glass  rod,  and  carefully  rinse  them  into  the 
main  portion  of  the  liquid  with  a  wash-bottle. 

The  treatment  of  the  fused  mass  with  acid  will  cause  most 
of  the  silica  to  separate  as  a  gelatinous  mass. 

If  any  gritty  particles  are  felt,  when  the  bottom  of  the  vessel  is  stirred 
with  a  glass  rod,  the  decomposition  of  the  silicate  has  been  incom- 
plete. This  is  probably  due  to  the  original  substance  not  having  been 
sufficiently  finely  powdered.  In  this  case  it  is  usually  best  to  start 
afresh,  taking  care  that  all  coarse  particles  have  been  crushed  in  the 
portion  of  the  powdered  mineral  which  is  used  for  the  fusion. 

393.  Estimationof  Silica.— The  acid  liquid,  containing  the 
gelatinous  silica  (392),  is  then  transferred  to  an  evaporating 
dish,  preferably  of  platinum,  and  is  evaporated  to  dryness  upon 
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the  water-bath.  As  soon  as  the  contents  of  the  dish  become 
thick  and  pasty,  they  should  be  continually  stirred  with  a 
rounded  glass  rod,  in  order  to  prevent  the  formation  of 
lumps  (172). 

When  all  the  liquid  has  been  driven  off,  the  contents  of 
the  dish  will  be  in  the  state  of  a  fine  powder.  The  dish  is 
now  placed  in  an  air-bath  (50,  d),  and  heated  to  150**  C.  for 
about  an  hour,  or  until  no  moisture  is  deposited  upon  a  cold 
clock-glass  when  it  is  placed  upon  the  dish  for  a  few  seconds. 

The  dish  is  then  allowed  to  cool,  and  its  contents  are 
moistened  with  strong  hydrochloric  acid.  After  it  has  been 
allowed  to  stand  for  some  time  it  is  heated  on  the  water-bath 
for  about  half  an  hour,  a  small  quantity  of  hydrochloric  acid 
being  occasionally  added. 

Hot  water  is  now  added,  and  the  acid  liquid  is  decanted 
off  through  a  filter.  This  operation  is  repeated  three  times. 
The  silica  is  finally  transferred  to  the  filter,  and  is  washed 
free  from  dissolved  chloride  and  dried  in  the  steam-oven. 

The  precipitate  is  now  transferred  to  a  platinum  crucible 
cautiously,  since  it  consists  of  very  light  powder  which  is 
easily  blown  away,  and  the  filter-ash  is  added  (74}.  The 
crucible  is  covered  with  the  lid  and  is  heated  very  gently 
at  first ;  the  temperature  must  be  only  gradually  raised,  else 
the  escaping  steam  may  carry  some  of  the  fine  light  powder 
away  with  it.  The  crucible  is  finally  heated  to  full  redness 
over  the  Bunsen-flame,  and  weighed  when  cold. 

The  purity  of  the  silica  should  be  tested  as  is  described  in 
paragraph  172. 

394.  Estimation  of  Iron  and  Almnimum. — The  filtrate 
from  the  silica  (393)  is  mixed  with  ammonium  chloride 
solution,  and  then  with  ammonium  hydrate  in  slight  excess  ; 
and  the  iron  and  aluminium  hydroxides,  of  which  the  pre- 
cipitate consists,  are  filtered  off  and  estimated  (353)'  They 
may  then  be  separated,  if  necessary,  according  to  the  direc- 
tions in  paragraph  354. 

395.  Estimation  of  Caldmn. — If  the  volume    of   the 
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filtrate  (394)  is  very  large,  evaporate  the  liquid  down  to  a 
convenient  bulk.  Then  add  a  little  ammonium  hydrate,  if 
necessary,  to  render  the  liquid  alkaline,  and  then  a  slight  excess 
of  ammonium  oxalate.  Allow  the  liquid  to  stand ;  filter  off  and 
ignite  the  precipitate,  and  weigh  the  calcium  as  oxide  (ill). 

396.  EfltixDation  of  Magnesiimi. — Evaporate  the  filtrate 
and  washings  from  the  calcium  oxalate  precipitate  (395)  to 
dryness,  ignite  the  residue,  and  estimate  the  magnesium  as 
is  described  in  paragraph  357. 

397.  EfltixDation  of  the  Alkali-Metals. — Since  the  silicate 
has  been  treated  with  sodium  and  potassium  carbonates,  the 
alkali-metals  cannot  be  estimated  in  the  filtrate  from  the 
magnesium  (396).  A  separate  portion  of  the  felspar  must 
accordingly  be  used  for  the  determination  of  the  alkali-metals. 

Weigh  accurately  about  1  '5  grams  of  the  finely-powdered 
felspar  into  a  platinum  crucible.  Mix  this  intimately  with 
1*5  grams  of  pure  recrystallised  ammonium  chloride  (80)  and 
9  grams  of  pure  calcium  carbonate  (82). 

Then  heat  the  crucible  jiist  to  bright  redness  for  an  hour. 
This  may  be  effected  by  a  good  Bunsen-flame  or  blowpipe- 
flame.  Or  the  platinum  crucible  may  be  placed  in  a  clay 
crucible  containing  a  little  calcined  magnesia  or  lime  at  the 
bottom  and  round  the  sides,  and  then  heated  in  a  gas-furnace. 

Place  the  cold  platinum  crucible  and  its  contents  in  hot 
water  in  a  covered  platinum  or  porcelain  dish,  and  boil  for  a 
time.  This  procedure  will  dissolve  out  the  alkaline  chlorides 
together  with  some  calcium  hydrate.  Filter,  and  mix  the 
filtrate  with  ammonium  hydrate  and  ammonium  carbonate 
solutions  in  excess,  and  then  with  a  few  drops  of  ammonium 
oxalate  solution.  Allow  the  liquid  to  stand,  filter  into  a 
platinum  or  porcelain  dish,  evaporate  the  filtrate  to  dryness, 
and  heat  the  residue  short  of  redness,  but  sufficiently  strongly 
to  drive  off  the  ammoniacal  compounds. 

Dissolve  the  residue  in  water,  and  add  a  few  drops  of 
ammonium  hydrate  and  ammonium  oxalate  solutions  in  order 
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to  precipitate  any  trace  of  calcium  which  may  still  remain  in 
the  solution.  Filter,  add  a  few  drops  of  HCl  to  the  filtrate, 
and  evaporate  it  to  dryness  in  a  weighed  dish.  Ignite  the 
residue  gently,  and  weigh  it,  repeating  the  ignition  until  the 
weight  is  constant.  The  weight  of  the  residue  gives  the 
weight  of  the  potassium  and  sodium  chloiides. 

Dissolve  the  residue  in  water;  and  either  estimate  the 
potassiimi  chloride  and  find  the  weight  of  the  sodium  chloride 
by  difierence  (359,  a) ;  or  determine  the  total  chlorine 
gravimetrically  (II3)  or  volumetrically  (304),  and  calculate 
the  weights  of  the  chlorides  (359,  b). 

The  weights  of  the  oxides  corresponding  to  those  of  the 
chlorides  found  are  then  calculated. 

For  the  Sesnlts  of  an  AnalyBiB  of  Felspar  refer  to  paragraph  749. 


Analysis  of  Glass. 


398.  Glass  consists  essentially  of  the  same  constituents  as 
most  of  the  natural  insoluble  silicates  (389).  Common  glass 
is  mainly  composed  of  silicates  of  sodium  and  calcium  ;  but 
it  may  also  contain  aluminium,  iron,  manganese,  and  potas- 
sium.    In  flint  glass  the  calcium  is  replaced  by  lead. 

The  analysis  of  glass  is  carried  out  in  the  same  way  as  the 
analysis  of  felspar  (390-397).  If,  however,,  lead  or  man- 
ganese is  present,  the  following  special  procedure  is  necessary. 

Separate  the  silica  as  is  described  in  paragraph  393. 
Pass  hydrogen  sulphide  through  the  acid  filtrate  from  the 
silica  to  precipitate  the  lead.  Filter  off,  wash  and  dry  the 
lead  sulphide,  and  convert  it  into  lead  sulphate  by  heating  it 
with  strong  nitric  acid,  and  adding  a  little  dilute  sulphuric 
acid.     Dilute,  filter,  and  ignite  and  weigh  the  PbSO^  (126). 

Remove  by  boiling  the  excess  of  hydrogen  sulphide  from 
the  filtrate  fVom  the  PbS ;  then  add  a  few  drops  of  strong 
HNO3  ^^^  ^^^  >  pi^ocipitate  the  iron  and  aluminium  as  basic 
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acetates  (365);  and  separate  them,  if  necessary,  as  is  de- 
scribed in  paragraphs  354,  366. 

Precipitate  the  manganese  as  the  hydrated  peroxide,  by 
adding  bromine- water  in  excess,  and  then  ammonium  hydrate 
in  excess,  and  boiling.  Filter  off  the  precipitate,  ignite  it, 
and  weigh  as  MngO^  (368)* 

The  calcium  and  magnesium  are  estimated  in  the  filtrate, 
as  is  directed  in  paragraphs  369,  370* 

The  alkali-metals  must  be  estimated  in  a  separate  portion 
of  the  glass,  according  to  the  directions  given  in  paragraph 

397. 

For  the  Beflnlts  of  an  AnalysiB  of  Glass  refer  to  paragraph  75a 


Analysis  of  Zinc-blende. 

399.  Zinc-blende  consists  essentially  of  zinc  sulphide,  which 
is,  however,  commonly  associated  with  galena  or  lead  sulphide, 
and  occasionally  with  calamine  or  zinc  carbonate.  The  ore 
may  also  contain  iron,  aluminium,  manganese,  copper,  and 
cadmium. 

400*  Estimation  of  Moisture. — The  moisture  is  usually 
adherent  only,  and  is  not  combined. 

Weigh  out  accurately  about  1*5  grams  of  the  finely- 
powdered  ore  into  the  watch-glasses  and  clip,  and  heat  this 
in  the  steam-oven  imtil  the  weight  becomes  constant.  The 
loss  gives  the  amount  of  moisture. 

4OX.  Solution  of  the  Ore. — Transfer  the  dried  ore  (40O) 
to  an  18-oz.  beaker,  covered  with  a  clock-glass.  Add  a  little 
strong  hydrochloric  acid,  and  heat  gently  for  some  time.  If 
carbonate  is  present,  the  ore  will  effervesce  when  the  acid 
is  added. 

As  soon  as  hydrogen  sulphide  ceases  to  be  evolved,  add 
more  strong  hydrochloric  acid  and  about  an  equal  volume  of 
nitric  acid.     When  the  ore  is  completely  dissolved,  transfer 
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the  liquid  to  a  porcelain  dish,  and  evaporate  to  dryness  on 
the  water-bath. 

402.  Estimation  of  Silidous  Matter  and  Lead. — Heat 
the  residue  for  some  time  in  the  air-bath  at  150**  C.  in  order  to 
render  the  silica  insoluble.  Then  moisten  the  dry  residue  with 
strong  hydrochloric  acid,  and  dilute  with  a  little  water.  Next 
add  a  few  c.c.  of  strong  sulphuric  acid,  and  heat  gently  on  the 
sand-bath  until  the  hydrochloric  and  nitric  acids  are  removed, 
and  white  fumes  of  sulphuric  acid  are  evolved.  Again  dilute 
with  water,  and  filter.  Wash  the  residue  with  water  con- 
taining a  few  drops  of  sulphuric  acid,  and  finally  with 
methylated  spirit  until  all  the  acid  is  removed.  Add  the 
first  washings  to  the  filtrate  and  keep  this  liquid  for  para- 
graph 403,  but  reject  the  alcoholic  washings. 

The  residue  on  the  filter  consists  of  gangue  or  earthy 
matter,  silica,  and  lead  sulphate.  Dry  the  residue  in  the 
steam-oven  ;  ignite  the  precipitate  and  filter  apart  (74-7S) ; 
convert  any  lead,  which  has  been  reduced  by  the  incineration 
of  the  filter,  into  sulphate  (126) ;  and  weigh  the  residue. 

Dissolve  out  the  lead  sulphate  by  boiling  the  residue  with 
ammonium  acetate  solution  made  alkaline  with  ammonium 
hydrate.  Repeat  this  treatment  with  fresh  portions  of  the 
solvent  until  no  lead  can  be  detected  in  a  drop  of  the  acetate 
solution,  when  it  is  tested  with  ammonium  sulphide.  Again 
dry  the  residue,  then  ignite  (73)  and  weigh  it  as  silicious 
matter. 

The  loss  of  weight  which  the  residue  has  suffered  by  being 
treated  with  the  ammonium  acetate  solution  represents  the 
amoimt  of  lead  sulphate  which  it  contained. 

403.  Estimation  of  Copper. — To  the  filtrate  from  the 
first  residue  (402)  add  a  little  dilute  hydrochloric  acid,  and 
saturate  the  liquid  with  hydrogen  sulphide.  Then  filter  at 
once,  keeping  the  funnel  covered  with  a  glass  plate,  and  wash- 
ing rapidly  with  water  containing  a  little  hydrogen  sulphide. 
These  precautions  are  necessary  in  order  to  prevent  the 
oxidation  of  the  CuS  into  soluble  CuSO^  by  exposure  to  the 
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air.  The  filtrate  and  washings  should  be  again  tested  with 
hydrogen  sulphide,  in  order  to  make  sure  that  no  copper 
remains  in  solution. 

If  csulmium  is  not  to  be  estimated  (404)  the  copper  is  at 
once  converted  into  cuprous  sulphide,  GugS,  and  weighed  as 
such.  For  this  purpose,  the  precipitate  is  dried  in  the  steam- 
oven.  The  filter  is  burnt  by  itself  in  a  Rose's  crucible  (67)* 
the  precipitate  is  added  to  the  filter-ash,  and  some  powdered 
redistilled  sulphur  is  also  mixed  with  the  precipitate.  This 
mixture  is  then  heated  in  a  current  of  hydrogen  (794)  795) 
as  long  as  sulphur  vapour  escapes.  The  residue  of  Cu^S 
is  allowed  to  cool  in  the  steam  of  hydrogen,  and  is  weighed 

(425)- 

404^  Estimation  of  Cadmium. — If  any  cadmium  is  pres- 
ent in  the  ore,  the  precipitate  obtained  by  hydrogen  sul- 
phide (403)  will  contain  both  CuS  and  CdS.  This  precipitate 
is  boiled  with  dilute  sulphuric  acid,  in  order  to  dissolve  out 
the  CdS.  The  copper,  which  remains,  as  sulphide,  is  estimated 
as  is  described  above.  The  acid  filtrate,  containing  the 
cadmium,  is  neutralised  with  ammonium  hydrate,  and  the 
cadmium  is  precipitated  as  sulphide  by  passing  hydrogen 
sulphide  gas.  The  CdS  is  then  estimated  as  is  described  in 
paragraph  155. 

405.  Estimation  of  Iroa—- Boil  the  filtrate  from  the  CuS 
(403)  until  the  hydrogen  sulphide  is  removed ;  then  add 
barium  chloride  solution  in  sufficient  quantity  to  precipitate 
the  whole  of  the  sulphate  present. 

The  removal  of  sulphate  is  necessary  in  order  to  prevent  the  subse- 
quent precipitation  of  basic  ferric  sulphate  with  the  basic  ferric  acetate. 
The  basic  ferric  sulphate  precipitate  would  not  be  converted  com- 
pletely into  FcgOa  by  ignition. 

Filter,  and  add  ammonium  carbonate  solution  to  the 
filtrate,  drop  by  drop,  until  a  very  faint  turbidity  remains 
after  the  liquid  has  been  well  stirred.  Now  add  ammonium 
acetate  solution  containing  a  little  free  acetic  acid,  and  boil. 

Filter  the  boiling  liquid,  using  the  funnel-jacket  (fig.  57, 
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p.  74).  Wash  the  precipitate  twice,  and  dissolve  it  in 
hydrochloric  acid.  Add  -ammonium  carbonate  and  repre- 
cipitate  the  iron  with  ammonium  acetate,  as  is  described 
above.  Filter,  wash,  dry,  and  ignite  the  precipitate  (73)) 
and  weigh  the  iron  as  Fefi^, 

The  above  double  precipitation  is  necessary  in  order  to 
remove  small  quantities  of  zinc  and  manganese  which  are 
precipitated  with  the  iron. 

406.  Estimation  of  Manganese.  —Mix  together  the  filtrates 
and  washings  (405),  which  contain  both  the  manganese  and 
the  zinc,  and  treat  the  liquid  with  a  little  bromine-water ; 
then  add  excess  of  ammonium  hydrate,  and  boil.  Filter  off 
the  precipitate ;  wash,  dry,  and  ignite  it,  and  weigh  as  MugO^. 

407.  Estimation  of  Zinc. — Mix  together  the  filtrate  and 
washings  (406),  which  contain  the  zinc,  and  treat  the 
liquid  in  one  of  the  three  following  ways  (a,  b,  c). 

(a).  Make  the  liquid  up  to  a  known  volume,  and  titrate 
with  sodium  sulphide  solution  (307). 

(b).  Precipitate  the  zinc  as  sulphide  by  adding  a  slight 
excess  of  colourless  ammonium  sulphide,  and  weigh  it  as 
ZnS  (438,  a). 

(c).  Instead  of  weighing  the  ZnS  (b),  dissolve  it  in  hydro- 
chloric acid,  boil  the  solution  until  it  no  longer  evolves 
HgS,  precipitate  the  zinc  as  carbonate,  and  weigh  it  as  oxide 
(128). 

408.  Estimation  of  Sulphm*. — Weigh  out  accurately 
about  1  gram  of  the  findy-potodered  ore  into  a  platinum  or 
nickel  crucible.  Mix  this  intimately  with  six  times  its 
weight  of  findy-potodered  sodium  peroxide,/ree/rom  metallic 
sodium  (104).  Heat  the  crucible  over  a  small  Bunsen-flame, 
and  gradually  raise  the  temperature  until  the  mass  fuses. 
Maintain   the  substance  in   a  fused  condition   for  three 

minutes. 

S 
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Extract  the  cold  mass  with  water,  and  remove  lead,  if  it  is 
present,  by  acidifying  the  solution  with  nitric  acid  and  boiling 
with  excess  of  sodium  carbonate  solution.  Filter,  wash  the 
residue,  acidify  the  filtrate  and  washings  with  dilute  hydro- 
chloric acid  and  estimate  the  sulphur  as  BaS04  (96). 

The  method  of  treatment  with  strong  nitric  acid  and 
bromine,  which  is  described  in  par.  lOS  t^^J  replace  the 
above  treatment  with  sodium  peroxide. 

409.  Estmiatioii  of  Carbon  Dioxide. — If  carbonate  is 
present,  4  grams  of  the  finely-powdered  ore  are  heated  with 
dilute  sulphuric  acid  in  which  some  chromic  anhydride  (454) 
has  been  dissolved  :  and  the  carbon  dioxide,  which  is  evolved, 
is  absorbed  and  weighed  (140).  The  carbon  dioxide  should 
bubble  through  some  solution  of  chromic  acid  before  it  passes 
into  the  absorption  tubes.  The  chromic  acid  prevents  the 
evolution  of  HgS  and  its  passage  into  the  soda-lime. 

For  the  Besnlts  of  an  Analysis  of  Zinc-blende  refer  to  paragraph 
751- 


Analysis  of  Galena. 

410*  Galena  consists  essentially  of  lead  sulphide ;  but  it 
may  also  contain  silicious  matter,  silver,  copper,  antimony, 
and  zinc. 

411.  Estimation  of  Moisture. — The  moisture  present  in 
galena  is  hygroscopic,  and  is  usually  small  in  amount. 
Weigh  out  accurately  about  1  '5  grams  of  the  flndy-powdered 
ore,  and  heat  it  in  the  steam-oven  until  its  weight  becomes 
constant.     The  loss  of  weight  represents  the  moisture. 

412.  Estimation  of  Silicious  Matter  and  Lead. — Heat 
the  dry  ore  (4ZZ)  with  strong  nitric  acid.  This  operation  is 
best  performed  in  a  10-oz.  flask,  in  the  neck  of  which  a  small 
funnel  has  been  placed  (fig.  29,  p.  41).  As  soon  as  the  evolu- 
tion of  red  fumes  ceases,  allow  the  contents  of  the  flask  to 
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cool,  add  about  one  cubic  centimetre  of  bromine,  and  warm 
the  liqxiid  until  all  the  sulphur  is  oxidised,  and  the  lead  is 
converted  into  lead  sulphate. 

Add  a  small  quantity  of  sulphuric  acid  and  evaporate  the 
liquid,  together  with  the  undissolved  matter,  in  a  dish.  Then 
heat  the  residue  on  the  sand-bath,  until  dense  white  fumes 
of  sulphuric  acid  are  evolved.  This  will  render  the  silica 
insoluble.  Dilute  with  water,  filter,  wash  the  residue  with 
water  containing  sulphuric  acid,  using  as  little  washing- water 
as  possible:  keep  the  filtrate  and  washings,  after  mixing  them 
together.  Finally  wash  the  residue  further  with  methylated 
spirit  until  all  the  acid  is  removed,  and  reject  the  alcoholic 
washings. 

Ignite  the  residue  apart  from  the  filter  (74-78)  in  ^ 
porcelain  crucible,  then  add  the  filter-ash,  and  weigh.  Now 
dissolve  away  the  lead  sulphate  from  the  gangue  by  means 
of  alkaline  ammonium  acetate  solution,  as  is  described  in 
paragraph  402,  and  weigh  the  residue  of  silica.  The  weight 
of  the  lead  sulphate  is  found  by  difference. 

413.  Estimation  of  Silver. — To  the  filtrate  from  the  silica 
and  lead  (412)  add  a  few  drops  of  hydrochloric  acid,  and 
allow  the  liquid  to  stand  in  a  warm  place  for  several  hours. 
Filter,  wash  the  silver  chloride  precipitate,  and  determine 
its  weight  (123). 

^7)^. — If  the  qoantity  of  silver  chloride  obtained  ia  too  small  to  be 
accurately  weighed,  the  weight  of  the  ore  which  is  used  for  this  par- 
ticular determination  must  be  increased. 

Other  methods  for  estimating  the  silver  are  described  in  paragraphs 
303  and  497. 

A  percentage  of  silver  as  low  as  0*001  may  be  profitably  extracted 
from  galena.  Hence  great  care  must  bo  taken  to  determine  accurately 
even  minute  amounts  of  silver  in  this  ore. 

414.  Estimation  of  Copper. — Into  the  filtrate  from  the 
silver  chloride  (413)  pass  hydrogen  sulphide  gas  to  saturation. 
Allow  the  liquid  to  stand,  and  filter  off  the  precipitated 
sulphides  of  copper  and  antimony.     Wash  the  precipitate 
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with  water  containing  hydrogen  sulphide  as  expeditiously  as 
possible,  taking  care  to  cover  the  funnel  with  a  glass  plate, 
so  as  not  to  expose  the  precipitate  unnecessarily  to  oxidation 
by  the  atmosphere.     Keep  the  filtrate  and  washings. 

Digest  the  precipitate  on  the  water-bath  for  half  an  hour 
with  sodium  sulphide  solution,  prepared  as  is  directed  in 
par.  307;  add  water,  and  filter.  Ammonium  sulphide  cannot 
be  used,  since  OuS  is  slightly  soluble  in  this  reagent.  The 
residual  precipitate  left  upon  the  filter  consists  of  copper 
sulphide ;  this  is  converted  into  CujS  (425)}  &nd  the  copper 
is  weighed  as  such. 

415.  Estimation  of  Antimony. — The  sodium  sulphide 
filtrate  will  contain  the  antimony.  Acidify  the  solution  with 
hydrochloric  acid,  and  saturate  it  with  H^S :  filter  ofif  the 
antimony  sulphide,  convert  it  into  SbjO^  (160),  and  weigh 
the  antimony  as  such. 

416.  Estimation  of  Iron  and  Aluminium. — Boil  off  the 
hydrogen  sulphide  from  the  filtrate  and  washings  (414),  add 
a  few  drops  of  nitric  acid  to  convert  the  iron  into  the  ferric 
state,  then  add  ammonium  chloride  solution  and  a  slight  excess 
of  ammonium  hydrate.  Filter,  wash  the  precipitate  twice, 
redissolve  it  in  hydrochloric  acid,  and  precipitate  this  solution 
again  with  ammonium  hydrate.  Filter  off  the  precipitate, 
dry  and  ignite  it,  and  weigh  as  FcgOg  (92).  The  two  filtrates 
are  mixed  together  and  used  in  the  following  paragraph. 

417.  Estimation  of  Zinc. — To  the  hot  filtrate  add  a  slight 
excess  of  freshly-prepared  colourless  ammonium  sulphide,  boil, 
and  estimate  the  Zn  as  ZnS  (438,  a). 

418.  Estimation  of  Sulphur. — Weigh  out  accurately  1 
gram  of  the  finely -powdered  galena,  and  either  fuse  it  with 
sodium  peroxide  (408),  or  treat  it  with  strong  nitric  acid 
and  bromine  (105))  and  estimate  the  sulphur  as  sulphate. 

For  the  Besnits  of  an  AnalysiB  of  Galena  refer  to  paragraph  752. 
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Analysis  of  Coppbb-ptritbs. 

419.  Copper-pyrites  is  the  most  common  ore  of  copper. 
It  consists  essentially  of  a  double  sulphide  of  copper  and  iron, 
haying  the  formula  CuFeS2.  The  ore,  however,  usually  con- 
tains silicious  matter  and  smaU  quantities  of  lead,  bismuth, 
arsenic,  antimony,  manganese,  and  zinc,  and  occasionally 
nickel  and  cobalt. 

A  qualitative  analysis  of  the  ore  should  always  precede 
the  quantitative  estimations. 

Estimation  of  Moisture. — The  finely-powdered  pyrites  is 
heated  in  the  steam-oven  until  its  weight  becomes  constant ; 
the  loss  of  weight  represents  the  moisture. 

420.  Estimation  of  Insoluble  Matter. — Weigh  out  ac- 
curately about  1  gram  of  the  ore  into  a  porcelain  evaporating 
dish.  Pour  upon  it  a  mixture  of  3  parts  of  nitric  acid  and 
1  pso't  of  hydrochloric  acid,  cover  the  dish  with  an  inverted 
funnel  to  prevent  loss  by  spirting,  and  heat  it  on  the  water- 
bath.  As  soon  as  all  the  sulphur,  which  separates  out  at 
first,  is  dissolved,  evaporate  to  dryness  twice  with  HCl  in 
order  to  remove  the  HNO3  and  to  render  the  silica  insoluble. 

Moisten  the  residue  with  strong  hydrochloric  acid,  add 
water,  and  filter  off  and  wash  the  residue.  The  residue  will 
consist  of  silica  and  gangue,  and  will  probably  contain  some 
lead  sulphate.  Dissolve  the  latter  with  alkaline  ammonium 
acetatesolution(402),andadd  this  solution  to  the  acid  filtrate. 
Then  ignite  (73)  and  weigh  the  residue. 

421.  Estimation  of  Sulphur. — One  of  the  following 
methods  may  be  used. 

.  (a).  Add  to  the  filtrate  (420)  a  little  tartaric  acid  to  pre- 
vent the  precipitation  of  iron  and  aluminium,  heat  it  to 
boiling,  and  precipitate  the  sulphate  with  barium  chloride ; 
filter,  aud  wash  and  weigh  the  BaSO^  (96). 

(b).  A  more  rapid  method  of  estimating  the  sulphur  con- 
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sists  in  treating  1  gram  of  the  finely-powdered  ore  with  fused 
sodium  peroxide  (104),  or  with  strong  nitric  acid  and  bromine 
(105)9  M  is  described  in  paragraph  408. 

422.  Estiiiiatioii  of  Copper,  Lead,  Arsenic,  and  Anti- 
mony in  the  hydrogen  sulphide  precipitate. 

Dissolve  2  grams  of  the  powdered  ore  in  rod  fuming  nitric 
acid,  of  1*5  specific  gravity;  add  a  few  c.c.  of  strong  sul- 
phuric acid,  and  evaporate  until  dense  white  fumes  appear. 
Treat  the  residue  with  hydrochloric  acid,  add  water,  and 
allow  it  to  stand.  Filter,  wash  the  residue,  and  estimate  the 
lead  sulphate  as  is  directed  in  paragraph  402. 

Pass  hydrogen  sulphide  through  the  filtrate  to  saturation. 
Copper,  lead,  arsenic,  and  antimony  sulphides  will  be  pre- 
cipitated. Filter,  pass  HgS  again  through  the  boiling 
filtrate,  and  pour  it  once  more  through  the  filter,  if  necessary. 
Wash  the  precipitate  with  water  containing  hydrogen  sul- 
phide, and  reserve  the  filtrate  and  washings  for  par.  423. 

Arsenic  and  Antimony. — Heat  the  sulphide  precipitate  with 
sodium  sulphide  solution  (307)  i^  order  to  dissolve  the  anti- 
mony and  arsenic  sulphides,  dilute  and  filter,  reserving  the 
residue  of  PbS  and  CuS. 

Acidify  the  filtrate  with  HCl,  pass  HgS,  and  filter.  Dis- 
solve the  sulphides,  thus  precipitated,  by  heating  them  with 
HCl  and  a  little  KClOg.  Add  tartaric  acid  and  AmCl  solu- 
tions, in  order  to  keep  the  Sb  in  solution,  and  then  add  excess 
of  AmHO.  No  precipitate  will  form,  if  sufficient  HgT  and 
AmCl  have  been  added.  Now  add  magnesia  mixture  (132), 
filter  ofi^,  and  weigh  the  As  as  MgjAs^O^  (l34)- 

Acidify  the  filtrate  from  the  arsenate  and  precipitate  the 
Sb  as  sulphide  by  passing  hydrogen  sulphide ;  convert  the 
sulphide  into  SbgO^  (160),  and  weigh  the  oxide. 

Lead. — Dissolve  the  copper  and  lead  sulphides,  which  re- 
mained after  extraction  with  sodium  sulphide  solution,  in  nitric 
acid.  Evaporate  the  solution  nearly  to  dryness,  dilute  with 
water,  add  a  few  drops  of  dilute  sulphuric  acid,  and  allow  the 
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liquid  to  stand.  Filter,  and  wash  the  lead  stdphate  with  a  little 
water  acidified  with  sulphuric  acid.  Finally  wash  out  the 
acid  from  the  filter  with  methylated  spirit,  rejecting  the 
alcoholic  washings.  Then  ignite  and  weigh  the  PbS04  (126), 
and  from  this  weight  calculate  the  weight  of  lead  present  in 
the  ore. 

Capper, — Precipitate  the  copper  in  the  filtrate  from  the 
PbSO^  by  sodium  hydrate,  and  estimate  it  as  CuO  (90) ;  or 
precipitate  it  as  CuS  by  hydrogen  sulphide  and  weigh  it  as 
CujS  (425). 

423.  Estimation  of  Iron,  Manganese,  and  Zinc. — Oxidise 
the  original  hydrogen  sulphide  filtrate  (422)  by  heating  it 
with  a  little  nitric  acid,  and  precipitate  and  estimate  the 
metals  as  is  directed  under  zinc-blende  (405~407)- 

For  the  Besolts  of  an  Analyiis  of  Copper-pyrites  refer  to  paragraph 
753. 


Analysis  of  Brass. 


424.  Brass  is  an  alloy  consisting  mainly  of  copper  and 
zinc,  but  small  quantities  of  lead  and  iron  are  usually 
present. 

Preparation  of  the  Sample, — The  sample  for  analysis 
should  be  removed  with  a  drill,  since  if  a  file  is  employed  its 
teeth  are  apt  to  be  broken  off  and  to  increase  the  proportion 
of  iron  in  the  filings. 

Solution  of  the  Alloy, — Dissolve  2  grams  of  the  metal  in 
10  c.c.  of  nitric  acid  (1*42  sp.  gr.)  in  a  lipped  beaker  covered 
with  a  clock-glass.  When  all  action  has  ceased,  remove  and 
rinse  the  clock-glass,  add  10  c.c.  of  concentrated  sulphuric 
acid,  and  evaporate  until  sulphuric  acid  fumes  are  evolved. 
Then  cool,  dilute  with  cold  water  to  150  c.c,  filter  off  the 
PbSO^,  and  weigh  it  if  it  is  sufiicieiit  in  quantity  (427)}  s^nd 
dilute  the  filtrate  to  500  c.c. 

425.  Estimation  of  Copper. — To  250  c.c.  of  this  solution, 
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which  correspond  to  1  gram  of  the  alloy,  add  40  o.c.  of 
hydrochloric  acid  (1*1  sp.  gr.) ;  dilute  with  boiling  water  to 
about  500  c.c.  in  a  large  beaker,  and  pass  HgS  through  the 
boiling  liquid  for  half  an  hour.  Filter,  and  wash  the  pre- 
cipitate four  times  with  warm  HjS-water. 

Ilemoye  the  precipitate  to  a  porcelain  dish,  and  dissolve  it 
in  nitric  acid,  to  which  a  little  bromine  has  been  added, 
keeping  the  dish  covered.  Then  remove  the  excess  of  nitric 
acid  and  bromine  by  evaporation  over  a  steam-bath.  Dis- 
solve the  residue  in  40  c.c.  of  hydrochloric  acid  (I'l  sp.  gr.), 
transfer  the  solution  to  the  beaker,  dilute  with  hot  water  to 
about  500  c.c,  and  reprecipitate  the  copper  with  HgS. 

This  doable  precipitation  of  the  o«pper  is  necessary  in  order  to 
separate  a  small  quantity  of  ZnS  which  is  at  first  precipitated  with 
the  CnS. 

Filter,  and  wash  the  precipitate  with  H^S-water  until  the 
washings,  after  being  freed  from  HgS  by  boiling,  give  no 
milkiness  with  silver  nitrate  solution. 

Estimation  ofOuas  Ou^. — Dry  the  precipitate  of  CuS  and 
detach  it  from  the  filter,  bum  the  filter  in  a  Rose's  crucible 
(67),  then  add  the  precipitate  together  with  a  little  powdered 
redistilled  sulphur,  cover  the  crucible  with  the  lid  and  tube, 
and  pass  a  gentle  stream  of  pure  dry  hydrogen  (794>  795)* 

Heat  the  crucible  gently  until  the  flame  of  burning  sulphur 
has  nearly  disappeared,  then  raise  the  temperature  to  full 
redness,  and  finally  ignite  strongly  with  the  blowpipe  for 
about  five  minutes.  Let  the  residue  cool  in  the  stream  of 
hydrogen  until  the  crucible  can  be  handled  with  comfort, 
then  allow  it  to  cool  completely  in  the  desiccator  and  weigh 
it.  Now  add  a  little  more  pure  sulphur  and  repeat  the 
ignition  in  hydrogen  until  the  weight  is  constant. 

From  the  weight  of  CujS  thus  obtained,  the  percentage  of 
Cu  in  the  alloy  is  calculated. 

An  Alternative  Method  of  determining  the  copper  is  to  precipitate 
it  as  cuprous  thiocyanate  (538)  from  50  co.  of  the  original  solution 
of  the  alloy  (424).     See  also  pars.  330,  331. 
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426.  Estimation  of  Zinc— Boil  down  the  two  filtrates  and 
the  washings  from  the  GuS  precipitate  (425)  in  a  large  hasin, 
until  all  the  hydrochloric  acid  is  expelled,  and  sulphuric  acid 
is  the  only  free  acid  remaining.  Dilute  with  water  to  about 
300  cc,  add  a  solution  of  pure  sodium  hydrate  until  the 
acid  is  nearly  neutralised,  then  add  pure  solid  sodium  car- 
bonate in  excess  and  boil. 

Filter  off  the  precipitate  of  ZnCOg  and  Fe2(0H)g,  and 
wash  it  with  boiling  water  until  the  washings  give  no  trace 
of  cloudiness  with  barium  chloride  solution  even  after  stand- 
ing. Dry  the  precipitate,  and  ignite  and  weigh  it  as  ZnO 
and  Fe203  (128). 

The  weight  of  ZnO  is  subsequently  found  by  deducting 
from  this  weight  the  weight  of  Fe^Og  found  in  428,  and  the 
percentage  of  Zn  in  the  alloy  is  then  calculated. 

427.  Estimation  of  Lead. — Dissolve  5  grams  of  the  alloy 
in  20  cc.  of  nitric  acid  (1*42  sp.  gr.),  stir  in  gradually  15  cc. 
of  concentrated  sulphuric  acid,  and  evaporate  the  liquid  with 
constant  stirring  until  sulphuric  acid  fumes  are  copiously 
evolved.  Cool  the  residue,  dilute  it  with  cold  water  to 
about  225  cc,  and  stir  until  all  is  dissolved  except  PbSO^. 
Filter,  and  wash  with  water  containing  a  little  sulphuric 
acid,  until  the  copper  is  removed.  Then  wash  out  the 
acid  from  the  filter  with  alcohol,  rejecting  the  alcoholic 
washings. 

Finally  dry,  ignite,  and  weigh  the  PbS04  (126),  and  from 
this  calculate  the  percentage  of  Pb  in  the  alloy. 

428.  Estimation  of  Iron.— Add  to  the  filtrate  and  the 
washings  from  427  a  large  excess  of  ammonia,  and  filter. 
Wash  with  water  containing  ammonia  until  the  washings 
cease  to  be  blue.  Dissolve  the  precipitate  in  the  filter  with 
hydrochloric  acid,  and  wash  the  filter  with  cold  water. 
Dilute  the  solution  and  washings  to  about  200  cc,  add 
ammonia  solution  to  the  cold  liquid  until  it  is  nearly  neutral- 
ised, but  no  permanent  precipitate  is  formed. 

Then  add  some  ammonium  acetate  and  boil.     Filter,  using 
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the  same  filter  as  before,  and  wash  the  precipitate.  Again 
dissolve  the  precipitate  in  hydrochloric  acid,  and  precipitate 
the  ferric  hydrate  by  adding  ammonia  solution.  This  re- 
precipitation  is  necessary  in  order  to  remove  zinc  from  the 
ferric  hydrate. 

Finally  filter ;  wash  the  precipitate,  dry  and  ignite  it,  and 
weigh  as  Fe^Og  (92).  From  this  weight  calculate  the  per- 
centage of  Fe  in  the  alloy. 

For  the  ResnltB  of  an  AnaljUB  of  Brass  refer  to  paragraph  754. 


Analysis  of  Alloys  containing  Tin  and  Antimony. 

429.  Ordinary  bronze  is  an  alloy  consisting  chiefly  of 
copper  and  tin,  but  other  metals  may  be  present  as  well. 
Type-metal  consists  mainly  of  lead,  antimony,  and  tin;  it 
may  also  contain  traces  of  copper  and  of  iron. 

430.  Precipitation  with  Hydrogen  Sulphide. — Dissolve 
1  gram  of  the  alloy  in  aqua  regia,  add  10  grams  of  pure 
tartaric  acid  dissolved  in  a  little  hot  water,  and  make  the 
solution  alkaline  by  the  addition  of  pure  sodium  hydrate  * 
solution.  Pour  this  liquid  into  a  basin  containing  30  grams 
of  pure  sodium  hydrate  dissolved  in  about  500  c.c.  of  water. 
Heat  the  liquid  until  it  boils  gently,  pass  a  rapid  stream  of 
HjS  until  the  liquid  is  saturated,  keeping  the  basin  covered 
with  a  perforated  glass  plate.  Filter,  wash  the  precipitate 
with  hot  dilute  sodium  sulphide  solution  (307),  and  then 
once  with  boiling  water.  Reserve  the  filtrate  and  washings 
for  par.  432. 

431.  Estimation  of  Lead,  Copper,   Zinc,  and  Iroa — 

Dissolve  the  precipitated   sulphides   (430)   in   nitric  acid, 
evaporate  until  the  liquid  becomes  syrupy,  dilute  with  water. 


*  The  pure  sodium  hydrate  required  for  this  purpose  may  be  made 
by  boiling  '*  ammonia  soda  "  with  slaked  lime  and  water. 
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filter  off  anj  trace  of  SnOj  which  may  have  been  originally 
precipitated  as  sulphide  by  H^S,  and  reserre  this  precipitate 
to  be  added  to  the  main  quantity  of  SnS. 

Assuming  that  the  filtrate  contains  lead,  copper,  zinc,  and 
traces  of  iron,  these  metals  may  be  estimated  by  evaporating 
with  sulphuric  acid  to  separate  lead  (427)}  then  precipitating 
the  copper  from  the  filtrate  with  HjS  (425),  throwing  down 
the  zinc  and  iron  with  sodium  carbonate  (426),  and  estimatiDg 
the  iron  separately  (428). 

432.  Estimation  of  Antimony. — ^Make  the  alkalme 
filtrate  from  430  distinctly  acid  with  hydrochloric  acid, 
which  must  be  added  cautiously  and  with  continual  stirring, 
and  allow  the  liquid  to  stand  at  a  gentle  heat  until  the 
precipitate  has  completely  separated.  Filter,  and  wash 
the  precipitate  four  times  with  cold  HjS-water,  letting  the 
washing-water  drain  away  completely  each  time.  Add  a 
little  NaCl  to  the  washing-water,  if  the  precipitate  shows  any 
tendency  to  pass  through  the  filter. 

Kemove  the  precipitate  from  the  filter,  with  a  platinum 
spatula,  into  a  porcelain  basin,  using  hot  hydrochloric  acid 
to  dissolve  off  the  traces  which  adhere  to  the  paper.  Pour 
some  more  hydrochloric  acid  into  the  basin,  cover  it,  and 
heat  gently,  adding  occasionally  a  small  crystal  of  potassium 
chlorate.  Seven  parts  of  the  chlorate  must  be  used  for  one 
part  of  tin  or  of  antimony.  Boil  the  liquid  gently  to  expel 
chlorine,  remove  the  cover,  rinsing  it  into  the  dish,  filter  into 
a  flat  porcelain  dish  and  evaporate  to  about  5  c.c. 

NoU, — ^The  KCiOg  is  added  to  form  double  chlorides  of  K  with  Sn 
and  Sb  which  are  not  decomposed  by  evaporation ;  the  loss  of  SnCl^ 
and  SbCls  daring  evaporation  is  thus  prevented. 

Add  a  clear  hot  solution  containing  20  grams  of  pure  oxalic 
acid,  trausfer  the  liquid  to  a  tall  beaker,  dilute  with  boiling 
water  to  300  c.c,  and  pass  a  rapid  current  of  HjS  through 
the  boiling  solution  until  the  SbjSg  has  completely  sepa- 
rated. This  usually  requires  about  twenty  minutes.  Filter 
at  once  through  a  weighed  filter-paper,    wash  the   Sb^S, 
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thoroughly  with  hot  water,  and  dry  it.  Reserve  the  filtrate 
and  washings  for  the  estimation  of  tin  (433). 

Digest  the  dry  filter  and  precipitate  in  some  pure  carbon 
disidphide,  contained  in  a  very  small  beaker,  in  order  to  dis- 
solve out  free  sulphur  (156).  Then  place  the  filter  in  a 
funnel  and  wash  it  with  CS^.  Dry  the  filter  and  its  con- 
tents at  a  gentle  heat,  and  then  at  130°  C.  until  the  weight 
is  constant.  Refer  to  par.  160  for  a  method  which  avoids 
charring  the  filter. 

From  the  weight  of  SbgSg  thus  obtained,  calculate  the 
percentage  of  Sb  in  the  alloy. 

433.  Estiniation  of  Tin.  —Before  the  tin  is  precipitated 
from  the  filtrate  (432),  it  is  necessary  to  destroy  the  oxalic 
acid.  For  this  purpose  transfer  the  liquid  to  a  large  porce- 
lain basin,  add  hydrochloric  acid  in  excess,  heat,  cover  the 
basin,  and  add  solid  KMnO^  by  degrees  until  a  small  pre- 
cipitate of  MnOg  remains,  which  does  not  dissolve  on  boiling 
even  when  more  hydrochloric  acid  is  added.  Redissolve  the 
MnOj  by  adding  a  few  drops  of  FeS04-solution,  then  pour 
the  clear  hot  solution  into  a  flask,  and  pass  H2S  to  precipitate 
the  tin. 

Allow  the  precipitate  to  settle,  syphon  ofi*  the  clear  liquid, 
collect  the  precipitate  on  a  filter,  and  wash  it  with  HjS-water 
containing  a  little  ammonium  nitrate.  After  this  precipitate, 
consisting  of  SnS  mixed  with  S,  has  been  thoroughly  washed, 
dry  it,  and  add  to  it  any  SnOg  which  has  been  previously 
obtained  (431).  Then  convert  the  whole  by  ignition  in  an 
open  crucible  into  SnO^  (163),  and  weigh  this. 

From  the  weight  of  SnOg  thus  obtained,  the  percentage  of 
Sn  in  the  alloy  is  calculated. 

For  BesultB  of  Analyses  of  Bronze  and  of  Type-metal  refer  to 
paragraphs  755  and  756. 


Analysis  of  Gbbman-silvbr. 


434.  German-silver  is  an  alloy  of  copper,  zinc,  and  nickel, 
and  frequently  contains  traces  of  tin  and  of  iron. 
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For  the  estimation  of  these  constituents,  weigh  out  accu- 
rately about  1  gram  of  filings,  or  better,  drillings  or  borings 
of  german-silver.  Dissolve  this  in  nitric  acid,  and  evaporate 
the  solution  nearly  to  dryness  to  remove  most  of  the  acid. 

435.  Estimation  of  Tin. — Treat  the  residue  with  water ; 
and  if  any  appreciable  quantity  of  Sn02  remains  undissolved, 
filter  off  and  weigh  it  (164.). 

436.  Estimation  of  Copper. — Precipitate  the  copper  from 
the  filtrate  (435)  ^7  passing  hydrogen  sulphide.  Dissolve 
the  CuS  in  dilute  HNOg,  and  reprecipitate  it  with  hydrogen 
sulphide,  observing  the  precautions  described  in  paragraph 
425;  then  convert  the  precipitate  into  Cu^S  (425),  and 
weigh  this. 

After  the  original  copper  sulphide  precipitate  has  been 
dissolved  in  dilute  HNO3,  the  solution  may  be  mixed  with 
sodium  carbonate  in  slight  excess,  then  with  excess  of  acetic 
acid,  and  the  copper  may  be  estimated  by  adding  potassium 
iodide  in  excess  and  titrating  with  thiosiilphate  solution  (300). 

437.  Estimation  of  Iron. — Boil  ofi*  the  hydrogen  sulphide 
from  the  filtrate  (436),  and  add  a  few  drops  of  strong  nitric 
acid  in  order  to  convert  the  iron  into  the  ferric  condition. 
Nearly  neutralise  with  Na^COg,  add  NaA,  boil  and  filter, 
and  reserve  the  filtrate.  Dissolve  the  precipitate  in  a  little 
HCl,  and  reprecipitate  the  iron  by  ammonia.  Filter  off, 
wash  and  ignite  the  precipitate,  and  weigh  as  FogO^  (92). 

Note. — ^The  above  preliminary  precipitation  of  the  iron  by  NaA  is 
necessary  if  the  snccinic  acid  method  of  separating  Zn  and  Ni  is 
adopted.  If  the  cyanide  method  is  used,  the  iron  may  be  precipitated 
directly  by  addition  of  AmOl  and  excess  of  AmOH  ;  but  in  this  case 
it  is  well  to  dissolve  the  precipitate  in  HCl  and  to  reprecipitate  with 
AmCl  and  AmOH. 

438.  Estimation  of  Zinc  and  Nickel  —  The  zinc  is 
separated  from  the  nickel  by  adding  either  succinic  acid  or 
potassium  cyanide  to  the  filtrates  from  the  precipitates  caused 
by  boiling  with  NaA,  mixed  with  the  washings  (437)' 
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Succinic  Acid  Method, — Acidify  the  mixed  filtrates  and 
washings  with  HCl,  and  boil  the  liquid  until  it  is  free  from 
HA.  Add  NajCOg  solution  in  slight  excess,  boil,  and  filter 
off  and  wash  the  zinc  and  nickel  carbonates.  Dissolve  the 
carbonates  in  boiling  saturated  solution  of  succinic  acid  ;  heat 
the  solution  to  boiling,  and  pass  H2S  to  saturation.  Allow 
the  precipitate  of  ZnS  to  settle,  filter  off,  and  wash  it  with 
water  containing  HjS,  and  determine  the  zinc  either  as 
sulphide  (a)  or  as  oxide  (b),  as  is  described  below. 

Boil  the  filtrate  from  the  ZnS  until  it  is  free  from  hydrogen 
sulphide,  precipitate  the  nickel  by  adding  a  slight  excess  of 
sodium  hydrate  solution,  filter  off,  wash,  and  weigh  as  NiO 
after  ignition  (91). 

Cyanide  Method, — Mix  the  filtrates  and  washings  from  the 
iron  precipitate,  and  add  a  clear  saturated  solution  of  potas- 
sium cyanide  until  the  liquid  assumes  a  brownish  tint ;  boil 
until  ammonia  is  no  longer  smelt,  then  add  some  NaHS 
solution,  which  has  been  freshly  made  by  passing  hydrogen 
sulphide  into  sodium  hydrate  solution  (307)»  and  boil.  Filter 
off  the  ZnS,  addiug  any  further  quantity  which  is  deposited 
during  the  concentration  of  the  filtrate,  and  determine  the  zinc 
either  as  sulphide  (a)  or  as  oxide  (b),  as  is  described  below. 

Concentrate  the  filtrate  from  the  ZnS  by  evaporation,  and 
acidify  it  by  the  addition  of  strong  nitric  acid,  guarding  care- 
fully against  loss  by  effervescence.  Boil  for  a  time  in  a  fume- 
closet,  add  KOH  solution  in  slight  excess,  filter  off  and  wash 
the  nickel  hydrate  and  weigh  as  NiO  after  ignition  (91). 

(a).  Dry  the  precipitate  of  ZnS  in  the  steam-oven,  and 
transfer  it  to  a  porcelain  crucible  fitted  with  Rose's  lid  and 
tube  (67) ;  incinerate  the  filter,  and  add  the  ash.  Sprinkle 
a  little  sulphur  over  the  contents  of  the  crucible,  and  heat 
them  in  a  current  of  dried  hydrogen  gas.  The  temperature 
should  be  low  at  first,  but  should  be  gradually  increased  to 
an  intense  red-heat.     Weigh  the  ZnS  which  remains. 

(b).  Dissolve  the  freshly-precipitated  ZnS  in  hydrochloric 
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acid,  boil  off  the  HjS,  precipitate  the  Zn  as  carbonate,  ignite, 
and  weigh  as  ZnO  (128). 

For  Besnits  of  an  Analysis  of  German-silver  refer  to  paragraph  757. 


Analysis  of  Iron-ores. 

439.  The  ordinary  ores  of  iron  are  either  oxides  or  car- 
bonates. The  common  oxide-ores  are  red  and  brown  haematite, 
and  the  black  or  magnetic  oxide.  The  carbonate  usually 
occurs  as  spathic  iron-ore  (361)  and  clay  iron-stone,  in  which 
both  oxide  and  carbonate  are  present. 

Iron-ores  may  contain  the  following  constituents :  mois- 
ture, carbon  dioxide,  silica,  iron,  aluminium,  manganese, 
calcium,  magnesium,  phosphate,  and  sulphate.  Some  ores 
also  contain  organic  matter. 

44a  Estimation  of  Moisture.  —  Since  carbon  dioxide 
and  organic  matter  are  usually  present,  the  water  must  be 
estimated  by  heating  2  grams  of  the  ore  to  dull  redness,  and 
absorbing  the  steam  which  is  evolyed  in  calcium  chloride,  as 
is  directed  in  paragraph  154. 

441.  Estimation  of  Carbon  Dioxide. — Estimate  the  car- 
bon dioxide  by  absorption  as  is  described  in  paragraph  140, 
using  2  grams  for  the  determination. 

442.  Estimation  of  Silicious  Matter. — ^Weigh  accurately 
about  10  grams  of  the  finely-powdered  ore.  Heat  it  gently 
with  strong  hydrochloric  acid,  add  a  little  nitric  acid,  and 
continue  the  heating  until  it  is  judged  that  all  soluble  matter 
has  been  dissolved.  Then  evaporate  to  dryness  on  the 
water-bath,  and  heat  the  residue  to  160°  C.  in  the  air-bath 

Treat  the  dry  residue  with  strong  hydrochloric  acid,  dilute, 
heat,  and  decant  off  the  clearliquid  through  a  filter.  Treat  the 
residue  again  with  a  small  quantity  of  hydrochloric  acid, 
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heat,  and  filter  the  Bolution  through  the  same  filter  into 
the  same  filtrate.  Continue  this  treatment  aa  long  as  any 
iron  can  be  found  in  a  drop  of  the  acid  last  used.  Finally 
filter,  wash  and  ignite  the  residue  (73)»  and  weigh  it  as  silica 
and  gangue. 

The  filtrates  and  washings  are  transferred  to  a  half-litre 
flask,  and  are  diluted  to  500  c.c.  This  liquid  serves  as  the 
"  original  solution  "  which  is  used  for  the  other  estimations. 

44J.  Estimation  of  Alumimum. — Boil  50  c.c.  of  the 
original  solution  (442)  with  a  little  nitric  acid  in  order  to 
convert  the  iron  into  the  ferric  state,  nearly  neutralise  the 
liquid  with  ammonium  carbonate,  and  precipitate  by  boiling 
with  ammonium  acetate  solution  (365). 

Filter  off,  wash,  ignite,  and  weigh  the  precipitate. 

The  ignited  precipitate  consists  of  AljOgjFe^Oj,  and  a 
little  ferric  phosphate.  The  weight  of  AlgOg  is  subsequently 
foimd  by  subtracting  the  weight  of  the  Fe^Oj  (444)  and 
P2O5  (447)  from  the  total  weight  of  the  ignited  precipitate. 

444.  Estimation  of  Iron. — Reduce  the  iron  in  50  c.c.  of 
the  original  solution  (442)  from  the  ferric  to  the  ferrous  con 
dition  by  one  of  the  methods  described  in  pars.  26O)  b  or  c. 
As  soon  as  the  iron  has  been  completely  reduced,  make  up 
the  solution  to  250  c.c.  with  air-free  water,  and  titrate  it 
with  potassium  dichromate  solution  (256).  The  iron  which 
is  present  in  the  ferrous  state  may  be  estimated  as  is  directed 
in  par.  367. 

445.  Estimation  of  Manganese. — Treat  200  c.c.  of  the 
original  solution  as  is  directed  in  par.  443.  To  the  filtrate 
from  the  basic  acetates,  which  has  been  concentrated  if 
necessary  by  evaporation,  add  bromine-water  in  slight  excess, 
and  then  a  few  drops  of  ammonium  hydrate,  and  warm. 
Filter  off,  and  wash  the  manganese  precipitate ;  then  ignite 
it  and  weigh  as  MujO^  (129)* 

446.  Estimation  of  Caldmn  and  Hagnedmn. — These 
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metals  &re  estimated  in  the  filtrate  (445)  in  the  way 
described  in  paragraphs  356,  357»  ^^^  ^  single  precipita- 
tion with  ammonium  oxalate  will  suffice. 

447.  Estimation  of  Phosphate. — If  arsenic  has  been 
found  in  the  qualitative  analysis,  it  must  be  separated  by 
means  of  hydrogen  sulphide  (450)  before  the  phosphate  is 
precipitated. 

To  50  c.c.  of  the  original  solution  (442),  or  to  250  c.c.  if  the 
phosphorus  is  below  0*2  per  cent.,  add  a  moderate  quantity 
of  ammonium  molybdate  solution  (448),  and  allow  the  liquid 
to  stand  in  a  warm  place  for  some  hours.  Filter,  after  prov- 
ing that  the  precipitation  is  complete  (465).  Then  dissolve 
the  yellow  ammonium  phospho-molybdate  precipitate  in 
ammonium  hydrate ;  precipitate  the  phosphate  with  mag- 
nesia mixture  (132),  and  weigh  it  as  lA%^fi^  (l3l)* 

448.  Pt0paraiion  of  Ammonium  Molybdate  Solution, — Pour  100  c.c. 
of  water  into  a  large  flask,  add  50  grams  of  molybdic  acid,  and  then 
100  C.C  of  the  strongest  ammonia  solution  ;  stir  the  liquid  until  all 
the  solid  is  dissolved,  then  pour  the  solution  quickly  into  720  c.c. 
of  cold  strong  nitric  acid,  stirring  during  the  addition.  Keep  the 
liquid  in  a  warm  place  for  some  hours,  and  decant  the  clear  solution 
for  use. 

449.  Estimation  of  Sulphnr. — Evaporate  50  c.c.  of  the  original 
solution  (442)  nearly  to  dryness,  so  as  to  expel  almost  all  the  free 
acid;  dilute,  and  precipitate  with  a  little  barium  chloride  solution. 
Allow  the  liquid  to  stand  several  hours ;  then  filter  off,  ignite,  and 
weigh  the  BaS04  (96). 

450.  EBtimatlon  of  Gopper,  Arsenic,  and  Antimony. — During  the 
evaporation  of  the  acid  solution  (442)  some  of  the  arsenic  will  have 
volatilised.  Therefore  a  fresh  portion  of  the  ore  is  dissolved  in  hydro- 
chloric acid,  and  the  sulphides  of  the  above  metals  are  precipitated 
by  passing  H^S  into  the  diluted  solution.  The  sulphides  are  then 
separated  as  is  directed  in  paragraph  422. 

Ertimation  of  Titanium.— Befer  to  paragraph  807  for  this  process. 

For  Besnlti  of  Analyses  of  Bed  haematite  ores  see  paragraph  758. 
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Analysis  op  Iron  and  Stbhl. 

451.  The  description  of  the  analysis  of  cast-iron  may  be 
taken  as  typical  of  the  method  of  analysing  the  various  kinds 
of  commercial  iron  and  steel. 

The  impurities  are  present  in  cast-iron  in  greater  quantity 
than  in  either  wrought-iron  or  steel.  Hence  a  larger  quan- 
tity of  wrought-iron  or  of  steel  must  be  taken  for  analysis 
than  is  necessary  in  the  case  of  cast-iron. 

The  estimations  which  are  usually  made  for  ascertaining 
the  value  of  a  sample  of  iron  or  steel  are  those  of  free  and 
combined  carbon,  silicon,  phosphorus,  manganese,  sulphur, 
and  copper. 

In  certain  kinds  of  iron  and  steel  other  constituents  may  be  esti- 
mated, snch  as  titanium,  chromium,  aluminium,  nickel,  tungsten,  and 
arsenic  (807,  808-^x0). 

452.  Estimation  of  Total  Carboa — Of  the  many  methods 
which  have  been  devised  for  the  estimation  of  the  total 
carbon  present  in  iron,  the  most  trustworthy  are  those  which 
depend  upon  the  separation  of  the  carbon  as  such,  and  its 
subsequent  conversion  into  carbon  dioxide :  the  carbon 
dioxide  being  then  absorbed  and  weighed.  Two  methods 
are  described  below  (453,  4SS)>  of  which  the  second  (455)  is 
the  more  accurate. 

453.  inigren's  Method  for  Estimating  Total  Carboa — 
The  carbon  is  separated  by  immersing  the  iron,  in  the  form 
of  crushed  powder  or  borings,  in  copper  sulphate  solution. 
The  iron  passes  into  solution,  and  an  equivalent  amoimt 
of  copper  is  deposited.  The  copper  and  carbon  remain 
as  a  residue;  a  minute  portion  of  the  carbon,  however, 
usually  escapes  in  the  form  of  hydrocarbon  gases.  The 
carbon  is  then  converted  by  means  of  chromic  acid  into 
carbon  dioxide,  and  this  is  absorbed  by  soda-lime  and 
weighed. 

The  Process  of  Estimation, — Weigh  out  accurately  about 
2  grams  of  the  cast-iron  into  a  small  beaker.     If  the  propor- 
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tion  of  carbon  is  low,  the  weight  of  iron  used  must  be  pro- 
portionately increased.  Pour  upon  the  cast-iron  a  solution 
of  copper  sulphate,  made  bj  dissolving  1  part  of  the  crystal- 
lised salt  in  about  6  parts  of  water,  and  allow  the  beaker  to 
stand  in  a  warm  place. 

When  the  iron  has  completely  dissolved,  no  hard  particles 
will  be  felt  by  the  end  of  a  glass  rod.  Then  pour  off  the 
clear  liquid,  and  transfer  the  copper  and  carbon  to  an 
8-oz.  round  flask,  by  means  of  a  glass  rod  and  a  small 
quantity  of  water.  Now  add  about  50  c.c.  of  strong  sulphuric 
acid,  and  10  grams  of  chromic  anhydride  crystals  (454). 
Connect  the  flask  with  the  tubes  shown  in  fig.  59  (p.  122), 
of  which  (/)  is  weighed,  and  prove  the  apparatus  to  be  gas- 
tight. 

Gradually  raise  the  temperature  of  the  flask,  until  the 
bubbles  of  gas  which  pass  through  the  bulb-tube  (d)  can 
just  be  counted.  As  the  evolution  of  gas  slackens,  raise 
the  temperature  until  white  fumes  are  observed  in  the  flask. 

When  this  is  the  case,  aspirate  a  slow  current  of  air,  freed 
from  carbon  dioxide,  through  the  apparatus.  As  soon  as  a 
volume  of  air  equal  to  about  six  times  the  capacity  of  the 
flask  has  passed,  detach  the  y-tube  (/)  and  weigh  it.  Its 
increase  in  weight  represents  the  amount  ot  carbon  dioxide 
produced,  and  from  this  the  weight  of  carbon  oxidised  by 
the  chromic  acid  may  be  calculated. 

454.  Preparajtum  of  Chromic  Anhydride. — Make  a  saturated  solu- 
tion of  potassium  dichromate,  and  mix  this  with  an  equal  volume  of 
strong  sulphuric  acid  in  a  large  heaker.  Allow  the  liquid  to  cool,  and 
pour  off  the  mother-liquor  from  the  crystals  which  have  formed. 
Drain  the  crystals  in  a  covered  funnel,  the  neck  of  which  is  plugged 
with  glass-wool,  and  place  them  in  a  bottle.  A  further  crop  of 
crystals  may  be  obtained  by  evaporating  down  the  mother-liquor,  and 
allowing  it  to  cool. 

455.  Second  Method  for  the  Estimation  of  Total 
Carbon. — The  powder  or  borings  of  the  metal  are  digested 
with  excess  of  cupric-ammonium-chloride  solution.  The  iron 
is  tiius  dissolved,  while  an  equivalent  weight  of  copper  is 
precipitated.     If  the  digestion,  however,  is  continued  suf- 
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ficiently  long,  the  copper  is  redissolved,  and  a  residue  of 
carbon  only  remains.  The  carbon  is  then  introduced  into  a 
small  boat,  and  ignited  in  a  combustion-tube  in  a  current  of 
oxygen,  and  the  carbon  dioxide  thus  produced  is  absorbed 
by  soda-lime  and  weighed. 

Preparation  of  the  Cnpric-Ammoniniii-Chloride  Soliitioii. — Dis- 
soWe  68  grams  of  pure  ammoniam  chloride,  and  85  grams  of  pure 
recrystalliaed  copper  chloride,  in  about  600  cc.  of  water.  Keep  this 
solntion  in  a  stoppered  bottle. 

The  Process  of  EetimcUion. — Weigh  out  accurately  from  1 
to  3  grams  of  the  iron,  and  digest  it  with  from  50  to  250 
cc.  of  the  cold  cupric-ammonium-chloride  solution.  Stir  with 
a  glass  rod  until  complete  disintegration  is  effected.  The 
residue  will  consist  of  carbon  and  metallic  copper. 

Continue  the  digestion  at  a  temperature  of  TO*"  C,  until 
all  the  copper  is  dissolved,  adding  more  of  the  copper  solu- 
tion if  necessary.  As  soon  as  the  copper  is  completely  dis- 
solved, which  is  known  by  the  residue  losing  its  red  colour, 
collect  the  carbon  upon  an  asbestos  filter.  If  a  scum  of  basic 
ferric  chloride  has  formed  upon  the  surface  of  the  liquid,  add 
a  little  hot  dilute  hydrochloric  acid  before  filtering. 

The  Asbestoe  Filter  is  Prepared  by  stopping  the  neck  of  a  funnel 
with  a  ping  of  glass-wool.  Asbestos^  which  has  been  ignited  in  a  cur- 
rent of  air,  is  then  broken  up  with  water  in  a  mortar,  and  is  poured 

into  the  funnel.     In  this  way  a   layer  of    felted 
Fio.  78.  asbestos  fibres  is  formed,  which  serves  as  a  filter. 

Before  the  filter  is  used,  water  is  poured  into  it  and 
is  drawn  through  by  an  aspirator  (56)  as  long  as  any 
asbestos  fibres  pass  away  in  the  liquid.  The  filtra- 
tion is  accelerated  by  the  filter-pump. 

A  special  fnnnel  may  be  made  for  the  purpose  of 
the  filtration  in  the  following  way.    A  piece  of  com- 

Tbustion-tube,  about  4  inches  long  and  half  an  inch  in 
internal  diameter,  is  drawn  out  at  one  end  until  a 
small  orifice  only  is  left  (fig.  78).    It  will  be  found 
convenient  to  introduce  a  coiled  piece  of  stout  plati- 
num wire  into  the  funnel.    This  serves  for  pushing 
out  the  asbestos  into  the  boat,  after  the  filtration  has  been  completed. 
The  glass-wool  and  asbestos  are  then  introduced  into  the  filter-tube 
above  the  wire-coil  and  are  washed  as  is  described  above. 
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If  a  small  platinum  filter-tube  is  used  instead  of  the  glass  tube 
described  aboye,  it  may  be  pushed  with  its  contents  into  the  combustion- 
tube  :  the  transference  of  the  asbestos  and  carbon  to  the  boat,  which 
is  described  below,  is  thus  saved. 

After  the  carbon  has  been  filtered  off,  it  is  washed  upon  the 
filter  until  it  is  free  from  chloride.  The  filter  is  then  dried 
in  the  steam-oven,  and  the  asbestos  containing  the  carbon  is 
transferred  to  a  porcelain  or  platinum  boat,  and  the  combus- 
tion is  carried  out  in  the  manner  described  in  pars.  641-653* 

The  boat  is  pushed  into  a  combustion-tube,  the  front  part 
of  which  contains  about  6  inches  of  granulated  copper  o^^de 
and  a  silver  coil.  The  end  of  the  tube  near  the  silver  coil  is 
fitted  with  a  perforated  cork,  which  carries  a  calcium  chloride 
tube,  with  which  a  weighed  soda-lime  tube  is  connected.  The 
calcium  chloride  tube  absorbs  any  moisture  which  may  be 
evolved,  the  soda-lime  tube  absorbs  the  carbon  dioxide. 

After  the  apparatus  has  been  tested  to  ascertain  that  it  is 
air-tight,  the  combustion-tube  is  laid  in  the  furnace,  and  the 
copper  oxide  layer  is  heated  to  redness.  A  slow  current 
of  pure  dry  oxygen  is  then  passed  through  the  tube,  and 
the  heat  is  extended  to  the  boat  containing  the  carbon. 
After  all  the  carbon  has  been  burnt  off,  the  current  of  oxy- 
gen is  allowed  to  pass  for  a  short  time  longer  to  sweep  over 
the  carbon  dioxide  into  the  absorption-tube.  The  soda-lime 
tube  is  then  detached,  and  is  weighed  as  soon  as  it  is  cold. 

From  the  weight  of  GO^  thus  found,  the  percentage  of 
carbon  in  the  iron  may  be  calculated. 

Before  proceeding  to  the  estimation,  it  is  well  to  make  a  **  blank  com- 
bustion." This  is  carried  out  as  is  described  above,  but  the  carbon  is 
omitted.  If  the  absorption- tube  undergoes  no  increase  of  weight  in 
this  process,  all  the  materials  which  are  used  in  the  process  are  suflS- 
ciently  pure.  It  will  be  understood  that  the  red-hot  layer  of  copper 
oxide  serves  to  bum  any  carbon  monoxide  which  may  be  evolved, 
and  the  silver  coil  absorbs  any  trace  of  chlorine  arising  from  the  in- 
complete washing  of  the  carbon.  Errors  in  the  estimation  of  the 
carbon  are  thus  avoided. 

456.  Estiniation  of  Oraphite. — Weigh  out  accurately 
about  3  grams  of  the  iron,  and  heat  it  gently  with  hydro- 
chloric acid  diluted  with  an  equal  volume  of  water.     Collect 
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the  insoluble  residue  of  impure  carbon  on  an  asbestoe  filter : 
wash  it  successivelj  with  hot  water,  potassium  hydrate  solu- 
tion, alcohol,  and  ether. 

Then  dry  the  residue,  and  estimate  the  amount  of  graphite 
which  it  contains,  by  burning  it  in  a  stream  of  oxygen  and 
absorbing  and  weighing  the  carbon  dioxide,  as  is  described 
in  paragraph  455. 

For  certain  technical  purposes,  in  which  great  accuracy  is  not 
required,  the  iron  may  be  dissolved  in  hydrochloric  add,  as  is 
described  above ;  and  the  residue  may  be  collected  on  a  tared  filter, 
then  washed  as  before,  and  dried  and  weighed.  It  is  then  transferred 
to  a  platinum  crucible,  the  filter-ash  is  added,  and  the  carbon  is  burnt 
off,  with  the  aid,  if  necessary,  of  a  stream  of  oxygen  (67). 

Since  a  platinum  crucible  suffers  by  the  long  contact  with  the 
gas-flame  which  is  necessary  to  bum  off  the  graphite,  the  method  of 
combustion  described  in  472  may  be  resorted  to,  oxygen  being  used 
instead  of  air,  if  necessary. 

The  loss  of  weight  of  the  residue,  after  allowing  for  the  weights 
of  the  filter  and  of  the  filter-ash  respectively,  giTee  approximately 
the  weight  of  the  graphite.  The  result  thus  obtained  is  usually  about 
20  per  cent,  too  high,  owing  to  the  oxidation  of  the  Fe.  It  should  be 
multiplied  by  the  factor  0*8. 

457.  Estimation  of  Combined  Carbon  in  Steel  and  in 
Wronght-iron  by  Eggertz's  Method. — When  metallic  iron 
contains  only  a  small  proportion  of  carbon,  its  solution  in 
nitric  acid  is  usually  brown.  The  depth  of  this  colour 
increases  as  the  percentage  of  combined  carbon  present  in 
the  iron  increases.  Hence  by  comparing  the  coloration  of 
this  solution  with  that  obtained  by  the  solution  of  standard 
iron  containing  a  known  quantity  of  carbon,  a  veiy  exact 
determination  of  carbon  may  be  rapidly  made. 

Nitric  acid  of  1  *2  specific  gravity  is  used  as  the  solvent. 
A  series  of  standard  samples  of  steel  are  first  prepared, 
in  which  the  amount  of  carbon  has  been  accurately  deter- 
mined by  the  combustion  method  (455).  As  a  rule,  the 
standards  should  be  prepared  from  the  same  kind  of  steel  as 
that  which  is  to  be  tested. 

The  process  may  be  carried  out  either  as  is  described  below, 
or  by  Stead's  modified  method  (458). 
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For  the  estimation,  weigh  out  accurately  0*2  gram  of  the 
sample  to  be  tested,  and  the  same  weight  of  the  standard 
steel,  into  two  test-tubes.  Dissolve  these  in  a  suitable 
amount  of  nitric  acid,  of  1*2  specific  gravity,  and  free  from 
chlorine.  If  an  insufficient  amount  of  nitric  acid  is  used, 
the  solution  is  slightly  darker  in  tint  than  it  should  be. 

The  proper  quantity  of  nitric  acid  to  be  nsed  for  the  solution  of  the 
sample  may  be  ascertained  from  the  following  statement : — 


Percentage  of  carbon 
present  in  steel. 

Number  of  cc  of  nitric  acid 
required  for  solution. 

Less  than      O'S  per  cent. 

From  0-8  to  0-6       „ 
„     0-5  „  0*8       „ 
„     0-8  „  10       „ 

Upwards  of  I'O       „ 

Sec 

4  cc 

5  C.C 

6  cc. 

7  cc 

If  no  knowledge  of  the  probable  percentage  of  carbon  is  obtainable, 
8  cc  of  the  acid  may  be  used.  The  process  should  then  be  repeated, 
if  necessary,  with  an  increased  quantity  of  the  acid. 

Heat  the  test-tubes  in  a  water-bath,  until  the  action  of  the 
acid  ceases  and  the  solution  of  the  metal  is  complete :  one 
hour  will  be  the  extreme  time  required.  Then  remove  the 
tubes  at  once  from  the  water-bath,  and  cool  them  by  immers- 
ing them  in  cold  water. 

Now  pour  the  standard  solution  into  a  "carbon-tube." 
This  is  a  glass  tube,  ^  inch  in  diameter,  and  closed  at  one 
end ;  it  is  capable  of  holding  30  cc,  and  is  graduated  into 
tenths  of  a  cc  Rinse  out  the  test-tube  with  water,  until 
the  total  volume  of  liquid  is  at  least  twice  as  great  as  that 
of  the  acid  originally  used. 

The  volume  of  the  standard  solution  should  be  some  convenient 
multiple  of  tenths  per  cent.  Thus,  if  the  standard  iron  used  contains 
0*5  per  cent,  of  carbon,  and  the  solution  is  diluted  until  it  measures 
10  cc,  each  cc  of  this  liquid  will  correspond  to  0'05  per  cent,  of 
carbon., 
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Next  pour  the  solution  of  the  sample  under  examination 
into  a  similar  carbon-tube,  and  rinse  out  the  test-tube  with  a 
small  quantity  of  cold  water. 

Compare  the  intensity  of  the  colours  of  the  two  solutions, 
by  looking  across  the  tubes  at  a  white  surface.  If  the  colour 
of  the  sample-solution  is  the  more  intense,  add  water  to  it 
gradually  until  the  colours  exactly  correspond. 

Now  read  the  volume  of  this  solution  in  cubic  centimetres. 

The  percentage  of  carbon  will  be  foimd  by  multiplying 
the  number  of  c.c.  of  liquid  in  the  tube  by  the  carbon-value 
of  1  CO.  of  the  standard  solution. 

Thus,  if  11  c.c  of  the  sample-solutioii  gave  the  same  colour- 
intensity  as  10  C.C.  of  the  standard  solution,  each  c.c.  of  which  corre- 
sponds to  0*05  per  cent  of  carbon,  then  the  percentage  of  carbon  in 
the  sample=ll  X  0*05  =  0*55. 

Instead  of  diluting  the  sample-solution  until  its  intensity 
corresponds  with  that  of  the  standard  solution,  a  graduated 
series  of  standard  solutions  may  be  employed.  These  are 
contained  in  sealed  tubes,  and  successively  differ  by  &  fixed 
amount  of  carbon.  Since,  however,  their  colours  are  liable 
to  fade,  the  method  described  above  is  more  trustworthy. 

458.  Stead's  Modified  Process  for  determining  Combined 
Oarbon. — It  is  found  that  the  colour,  which  is  due  to  the 
solution  of  the  carbon,  is  interfered  with  by  that  of  the  iron 
nitrate  present  in  the  liquid.  This  interference  is  prevented 
by  precipitating  the  iron  from  the  solution  by  the  addition  of 
sodium  hydrate  solution  in  excess,  and  then  removing  the 
ferric  hydroxide  by  filtration.  The  colour  due  to  the  carbon 
is  more  intense  in  this  alkaline  filtrate  than  it  was  in  the 
original  acid  solution.     The  procedure  is  as  follows. 

One  gram  of  the  iron  is  dissolved  by  heating  it  in  a  water- 
bath  with  12  c.c.  of  nitric  acid,  of  1*2  specific  gravity.  The 
standard  iron  is  treated  in  a  similar  way.  Each  solution  is 
now  well  mixed  with  30  c.c.  of  hot  water  and  with  13  c.c. 
of  solution  of  sodium  hydrate  of  1*27  specific  gravity.  The 
liquids  are  then  diluted  to  60  c.c.  and  are  well  shaken,  and 
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after  they  have  stood  for  ten  minutes  in  a  warm  place  they 
are  filtered  through  dry  filters. 

The  two  filtrates  are  poured  into  two  graduated  tubes, 
and  the  intensity  of  their  colour  is  compared  by  looking 
down  the  tubes  upon  a  white  surface.  The  lengths  of  the 
columns  are  then  adjusted  by  removing  some  of  the  deeper- 
coloured  liquid,  until  they  both  give  equal  colour-intensity. 
The  quantities  of  carbon  present  are  inversely  as  the  lengths 
of  the  liquid  columns. 

Thus  if  the  columna  of  liquid  meaaare  respectiyely  80  mm.  and 
100  mm.,  the  latter  corresponding  to  the  standard  iron  containing 
0'4  per  cent.-  of  carbon  ;  then  the  percentage  of  carbon  in  the  iron 

8ample=0-4x  -??=0-6. 
80 

It  is  found  that  the  colour  which  is  given  by  iron  contain- 
ing a  low  percentage  of  carbon,  difiers  in  character  from  that 
given  by  iron  containing  a  high  percentage.  Hence  it  is 
necessary  to  prepare  separate  standard  solutions  for  the  two 
classes  of  iron. 

459.  The  Percentage  of  Free  Carbon  may  be  found  by 
subtracting  the  percentage  of  combined  carbon  (457,  458) 
from  the  percentage  of  total  carbon  (453-455). 

46a  Estimation  of  Sulphur. — Two  methods  are  in  com- 
mon use  for  estimating  sulphur  in  iron. 

(1)  The  sulphur  is  first  evolved  as  hydrogen  sulphide  and 
this  is  then  converted  into  a  suitable  form  for  being  weighed 
(461).  This  process  is  applicable  to  steel.  If  it  is  applied 
to  cast-iron  some  of  the  sulphur  often  fails  to  be  converted 
into  hydrogen  sidphide. 

(2)  The  sulphur  is  converted  into  sulphuric  acid,  which  is 
precipitated  and  weighed  as  barium  sulphate  (462).  This 
method  gives  more  accurate  results  than  the  first,  and  is  of 
general  application. 

461.  Estimaiion  of  Sulphur  by  conversion  into  Hydrogen 
Sulphide. — Weigh  out  about  10  grams  of  the  iron  into  a  ten- 
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ounce  conical  flask.  Fit  into  the  neck  of  the  flask  a  doubly 
perforated  rubber  stopper,  which  has  been  previously  boiled 
with  sodium  hydrate  solution  in  order  to  extract  the  sulphur 
from  the  rubber. 

Through  one  hole  in  this  stopper  push  a  thistle-funnel, 
which  must  nearly  touch  the  bottom  of  the  flask.  Into  the 
other  hole  fit  a  tube  which  is  bent  twice  at  right  angles,  the 
shorter  end  of  which  just  passes  through  the  cork,  while  the 
other  end  passes  into  a  tall  narrow  cylinder  containing  a 
dilute  solution  of  cadmium  chloride  or  sulphate. 

As  a  farther  precautioD,  the  gaa  which  is  evolved  may  be  made  to 
pass  through  a  second  similar  cylinder,  connected  with  the  first  hy 
means  of  a  cork  and  hent  tube ;  this,  however,  is  rarely  necessary, 
since  the  hydrogen  sulphide  escapes  dilated  with  much  hydrogen. 

Pour  dilute  hydrochloric  acid  upon  the  iron  through  the 
funnel,  and  finally  boil  the  contents  of  the  flask  in  order  to 
expel  dissolved  hydrogen  sulphide  gas.  Wash  the  precipi- 
tated cadmium  sulphide  on  a  tared  filter,  which  has  been 
previously  dried  at  lOO**  C,  and  dry  at  100'  C.  and  weigh 
the  precipitate  (155). 

If  this  method  is  applied  to  cast-iron,  it  is  always  necessary 
to  filter  off  and  wash  the  imdissolved  residue  in  the  flask ; 
this  residue  is  then  dried,  and  the  sulphur  which  remains  in  it 
is  estimated  by  the  process  described  in  paragraph  104  or  lOS 

If  the  amount  of  sulphur  to  be  estimated  is  very  small,  the  hydrogen 
sulphide  may  be  received  in  bromine  water  acidified  with  hydrochloric 
acid.  The  excess  of  bromine  is  expelled  by  boiling  the  liquid,  and  the 
sulphur  is  then  precipitated  and  estimated  as  BaS04  (96). 

462.  Estimation  of  Svlphur  as  BaSO^. — Weigh  accurately 
5  grams  of  the  iron,  dissolve  this  in  aqua  regia,  and  evapo- 
rate the  solution  to  dryness  at  a  moderate  heat  on  the  iron- 
plate  or  air-bath  (50,  d)  in  order  to  remove  the  nitric  acid. 
Moisten  the  residue  with  hydrochloric  acid,  add  water,  heat, 
and  filter.  This  residue  may  be  used  for  the  estimation  of 
silicon  as  is  described  in  par.  463. 

Dilute  the  filtrate  slightly,  and  add  an  excess  of  barium 
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chloride  solution ;  allow  the  liquid  to  stand,  and  weigh  the 
barium  sulphate  (96). 

This  method  gives  more  accurate  results  than  that  described 
in  par.  461,  if  care  is  taken  to  remove  the  free  nitric  acid, 
to  keep  the  volume  of  the  liquid  small,  and  to  add  an  excess 
of  barium  chloride  solution. 

463.  Estimation  of  Silicon. — The  residue  from  the  acid 
solution  (462)  may  be  ignited,  as  is  described  below,  for 
the  estimation  of  the  silicon,  or  a  separate  portion  of  iron 
may  be  treated  as  follows.  The  latter  procedure  furnishes 
also  a  solution  for  the  estimation  of  phosphorus. 

Dissolve  from  3  to  5  grams  of  the  iron  in  strong  nitric  acid, 
taking  care  to  prevent  loss  by  spirting  if  the  action  is  violent. 

As  soon  as  the  metal  is  completely  dissolved,  evaporate 
the  solution  to  dryness,  and  decompose  the  carbonaceous 
matter  by  heating  the  residue  to  about  200*  C.  in  the  air- 
bath  (SC  d). 

The  removal  of  this  organic  matter  is  much  facilitated  if  a  little 
ammonium  nitrate  has  been  added  during  the  final  stages  of  evapora- 
tion of  the  acid  solution.  Unless  the  organic  matter  is  decomposed,  the 
precipitation  of  the  phosphate  in  the  filtrate  (464)  will  be  incomplete. 

Dissolve  the  cold  residue  in  hydrochloric  acid,  and  remove 
most  of  the  acid  by  evaporation.  Then  dilute  with  water, 
and  filter  ofiT  and  wash  the  silica,  taking  care  that  the  volume 
of  the  filtrate  and  washings  does  not  exceed  100  c.c.  Keep 
this  filtrate  for  the  estimation  of  phosphorus  (464).  Dry  the 
silica  (386),  and  if  it  is  coloured  red  by  iron  oxide,  digest  it 
with  strong  hydrochloric  acid  until  it  is  perfectly  white; 
then  wash,  dry,  ignite,  and  weigh  it. 

Since  the  silica  may  contain  impurities,  it  is  best  to  ascer- 
tain the  weight  of  pure  silica  present  by  treating  the  weighed 
substance  with  pure  hydrofluoric  acid  and  a  little  strong 
sulphuric  acid,  as  is  directed  in  paragraph  172. 

464.  Estimation  of  Phosphorus. — The  phosphorus  is 
converted  by  the  action  of  strong  nitric  acid  into  phosphate, 
and  the  phosphate  is  precipitated  by  molybdate  solution^ 
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The  phosphorus  is  then  either  weighed  in  the  form  of  phos- 
pho-moljbdate  (466))  or  as  magnesium  pyrophosphate  (465)- 

465.  EsHmcUum  as  Mg^P^O^, — Add  to  the  filtrate  from 
the  silica  (463),  which  measures  about  100  cc,  at  least  twice 
its  volume  of  ammonium  moljbdate  solution  (448).  Allow 
the  liquid  to  stand  for  several  hours  in  a  warm  place,  taking 
care  that  the  temperature  does  not  exceed  ^O""  C,  else 
arsenate  may  be  precipitated  together  with  the  phosphate. 

Remove  a  small  quantity  of  the  clear  liquid  by  a  pipette, 
mix  it  with  some  more  molybdate  solution,  and  allow  the 
liquid  to  stand  in  a  warm  place  for  some  time.  If  any  precipi- 
tate is  thus  produced,  return  the  liquid  and  precipitate  and 
add  more  molybdate  solution  to  the  whole  of  the  liquid. 
Repeat  these  processes  until  the  further  addition  of  molyb- 
date produces  no  precipitate. 

As  soon  as  the  precipitation  has  been  proved  to  be  com- 
plete, filter  off  the  loose  precipitate,  and  wash  it,  as  well  as 
the  precipitate  adhering  to  the  beaker,  with  molybdate  solu- 
tion diluted  with  an  equal  volimie  of  water ;  test  the  last  few 
drops  of  washing-water  with  K^FeCy^  solution  for  Fe,  in 
order  to  ascertain  when  the  washing  is  finished. 

Dissolve  the  precipitate  from  the  interior  of  the  beaker  and 
from  the  filter  in  2  or  3  c.c.  of  strong  ammonium  hydrate 
solution,  add  strong  hydrochloric  acid  until  the  ammonia  is 
nearly  neutralised,  and  precipitate  the  phosphate  by  means 
of  magnesiarmixture  (132);  finally  weigh  it  as  Mg3Pj207  (13X). 

466.  Estimation  by  Weighing  cu  Phospho-Tnolyhdate, — A 
modification  of  the  above  method  consists  in  weighing  the 
yellow  phospho-molybdate  precipitate  itself.  If  this  method 
is  adopted,  from  1  to  2  grams  of  the  iron-sample  only  need  be 
treated  as  is  directed  in  paragraph  463. 

After  the  silica  has  been  filtered  off,  the  volume  of  the 
filtrate  is  reduced  by  evaporation  until  a  film  forms  upon  the 
surface  of  the  liquid.  The  phosphate  in  this  solution  is  then 
mixed  with  excess  of  the  molybdate  solution  as  is  directed 
above  (465) ;  the  precipitate  is  filtered  off,  the  portion  which 
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adheres  to  the  beaker  being  dissolved  in  ammonia  solution, 
reprecipitated  by  addition  of  nitric  acid,  and  then  added  to  the 
main  portion  in  the  filter.  The  precipitate  is  washed  with 
water  containing  one  per  cent,  of  HNOg.  It  is  then  dried 
at  120**  C.  on  a  tared  filter  (61,  62),  and  is  weighed  as 
(NH4)3.11MoOg.P04,  containing  1*63  per  cent,  of  phosphorus. 

467.  Estimation  of  Manganese. — Weigh  accurately  about 
2  grams  of  the  iron  sample,  and  dissolve  it  in  nitric  acid. 
Evaporate  the  solution  to  dryness,  and  heat  the  residue  to 
200°  C.  in  the  air-bath  (50,  d)  in  order  to  destroy  carbonaceous 
matter.  Dissolve  the  cold  residue  in  hydrochloric  acid,  then 
dilute,  and  filter  off  the  insoluble  matter. 

Dilute  this  solution  to  about  500  c.c.  with  distilled  water, 
and  add  ammonium  carbonate  solution,  drop  by  drop,  until 
the  colour  of  the  liquid  becomes  dark  brown.  Continue  the 
addition  of  the  ammonium  carbonate  solution  very  cautiously 
and  with  constant  stirring,  until  the  precipitate  which  is 
formed  only  just  redissolves.  Now  add  ammonium  acetate 
solution  and  a  little  acetic  acid,  boil  the  solution  for  a  few 
minutes,  and  filter  the  boiling  liquid,  using  the  funnel-jacket 
(fig.  57,  p.  74). 

Redissolve  the  precipitate  in  hydrochloric  acid,  add  am- 
monium carbonate  solution  carefully,  and  reprecipitate  and 
filter  as  has  been  just  described. 

Mix  these  two  filtrates,  which  contain  the  manganese, 
evaporate  if  necessary,  and  allow  the  liquid  to  cool.  To  the 
cold  solution  add  bromine-water  imtil  the  solution  is  of  a 
permanent  brown  colour,  and  then  add  an  excess  of  ammonium 
hydrate.  Heat  to  boiling,  filter  off  and  wash  the  precipitate 
with  hot  water ;  then  dry  and  ignite  it,  and  weigh  as  Mnfi^. 

Note, — This  precipitate  always  contains  some  Ni  or  Go,  which  in 
very  accarate  estimations  must  be  separated  and  weighed. 

468.  Estimation  of  CSopper  and  Arsenic. — Weigh  accu- 
rately from  5  to  10  grams  of  the  iron,  and  dissolve  it  in  nitric 
acid.  Add  hydrochloric  acid  and  evaporate  the  solution  to 
dryness  on  the  water-bath :  repeat  this  process  several  times. 


.>  '.} 


302  GENEBAL  ANALYSES.  [469-471, 

Finally  disBolve  the  residue  in  water,  reduce  the  iron  to  the 
ferrous  state  by  means  of  ammonium  bisulphite  (26O)  c),  and 
pass  hydrogen  sulphide  gas  into  the  solution  to  saturation. 
Filter  off  the  precipitate,  which  may  contain  GuS,  AsjSg,  S, 
and  possibly  SbjS,;  and  separate  and  estimate  these  sub- 
stances as  is  described  in  paragraph  422. 

A  trace  of  copper  is  more  readily  estimated  Yolumetrically 
(553)  *^^^  gravimetrically. 

For  Besnlts  of  AnalyBes  of  Iron  and  Steel  refer  to  puiagraph  759. 


Proximate  Analysis  of  Coal  and  (Doke. 

469.  The  chemical  examination  of  coal  ordinarily  com- 
prises the  estimation  of  moisture,  ash,  sulphur,  volatile 
matter,  coke,  and  calorific  power.  The  results  thus  obtained 
will  usually  enable  a  judgment  to  be  formed  of  the  quality 
of  the  coal. 

470.  Estimation  of  Moisture. — Powder  about  2  grams  of 
the  coal  very  finely,  weigh  the  powder  between  two  watch- 
glasses  (16),  and  heat  it  in  the  steam  oven.  Remove  the 
coal  every  two  hours,  allow  it  to  cool  in  the  desiccator,  and 
weigh  it.  Since  the  weight  decreases  by  loss  of  moisture, 
but  also  gradually  increases  after  a  time  by  oxidation,  no 
constant  weight  will  be  obtained.  The  lowest  weight,  which 
is  noted  during  the  series  of  weighings,  must  therefore  be 
taken  as  representing  the  completion  of  the  drying. 

471.  Estimation  of  Volatile  Matter  and  Coke. — Two 

methods  (a,  b)  for  estimating  the  volatile  matter  and  coke 
are  described  below. 

(a).  Spread  out  2  grams  of  the  finely-powdered  coal  in  an 
even  layer  in  the  bottom  of  a  platinum  crucible,  which  has 
been  weighed  without  the  lid.  Cover  the  crucible  with  the 
lid,  place  it  on  a  pipe-clay  triangle,  and  heat  it  by  means  of  a 
powerful  Bunsen-flame.  In  order  that  comparable  results 
may  be  obtained  in  different  estimations,  the  size  of  the  flame 
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and  the  position  of  the  crucible  in  it  must  be  the  same  in  all 
experiments. 

As  soon  as  the  flame  of  the  gases,  which  issue  from  be- 
neath the  lid,  is  no  longer  seen,  continue  the  heating  for  one 
minute  longer.  Then  remoYe  the  gas-flame,  allow  the 
crucible  to  cool  in  the  desiccator,  and  weigh  it  without  the 
lid  as  soon  as  possible.  The  weight  of  the  residue  represents 
the  weight  of  the  coke :  the  loss  of  weight  suffered  by  the 
original  coal  is  the  weight  of  the  volatile  matter. 

(b).  Weigh  out  accurately  from  10  to  20  grams  of  the 
coarsely-powdered  coal  into  a  weighed  capacious  porcelain 
crucible  provided  with  a  lid.  The  crucible  should  not  be 
more  than  half  filled  with  the  coal.  Place  this  crucible  in 
a  clay  crucible,  and  surround  it  completely  with  coarsely- 
powdered  charcoal.  Cover  the  clay  crucible  with  its  lid, 
place  it  in  a  wind-  or  gas-furnace,  and  keep  it  at  a  red-heat 
for  one  hour.  Remove  the  porcelain  crucible  when  it  is  cold 
and  weigh  it.  The  loss  of  weight,  which  it  has  sustained, 
represents  the  volatile  matter  of  the  coal.  The  residue  con- 
sists of  the  coke,  including  the  ash. 

An  examination  of  the  coke  obtained  by  this  method  will 
indicate  whether  the  original  coal  is  a  caking,  sintering,  or 
non-caking  coal. 

472.  Estimation  of  Ash. — Weigh  out  accurately  about 
2  grams  of  the  powdered  coal,  or  of  the  coke  from  471,  into 
a  weighed  porcelain-boat  about  4  inches  loug  and  f  inch 
across.     Some  platinum-foil,  which  has  been  shaped  upon 

Fig.  79. 


a  piece  of  glass  rod,  forms  a  good  substitute  for  the  porcelain- 
boat 

Push  the  boat  containing  the  coal  into  a  combustion- 
tube,  about  1  inch  in  diameter  (fig.  79).  Heat  the  tube  and 
boat  to  redness  in  a  combustion-furnace,  while  a  gentle 
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current  of  air  is  drawn  through  the  combustion-tube  by 
means  of  an  aspirator  (58)  140). 

Take  care  that  the  temperature  does  not  become  sufficiently 
high  to  soften  the  glass,  else  the  boat  and  tube  may  stick  to- 
gether. This  may  be  prevented  by  interposing  a  few  threads 
of  asbestos  between  the  bottom  of  the  boat  and  the  glass. 

As  soon  as  the  dark-coloured  combustible  matter  is  entirely 
remoYed,  allow  the  tube  to  cool ;  then  withdraw  the  boat, 
and  weigh  it.  By  this  method  a  "clean"  ash,  free  from 
carbonaceous  matter,  is  obtained  in  a  short  time. 

Reserve  the  ash  for  the  determination  of  the  sulphate 
which  it  may  contain. 

473.  Estimation  of  Sulphur. — It  is  usually  necessary  to 
ascertain  the  amount  of  sulphur  which  is  present  in  the  vola- 
tile matter,  the  sulphur  contained  in  the  coke,  and  the  siilphur 
which  is  left  as  sulphate  in  the  ash.  For  this  purpose  it  is 
necessary  to  determine  the  total  sulphur  (474))  the  sulphur 
in  the  ash  (475)1  &Q(1  the  volatile  sulphur  in  the  coke  (476). 

The  amount  of  sulphur  present  in  the  volatile  matter  is 
obtained  by  adding  the  amount  of  sulphur  found  in  the  ash 
to  the  amount  which  is  evolved  by  burning  the  coke,  and 
then  subtracting  this  from  the  total  sulphur. 

474.  Total  Sulphur,  Nakamura's  Method. — Weigh  out 
accurately  about  1*5  grams  of  the  very  flnely-potodered  coal, 
and  mix  it  with  four  times  its  weight  of  finely-powdered  dry 
sodium  carbonate.  This  mixture  is  effected  by  adding  the 
sodium  carbonate  gradually  to  the  coal,  which  is  contained  in 
a  platinum  crucible  or  capsule,  and  then  stirring  the  powder 
constantly  with  a  dry  glass  rod. 

Now  partially  cover  the  crucible  with  its  lid,  and  heat  it 
gently  for  some  time,  so  as  not  to  volatilise  the  hydrocarbons. 
Qradually  raise  the  temperature  nearly  to  visible  redness, 
and  continue  the  heating  until  the  dark  grey  surface  of  the 
mixture  fades  to  a  faint  grey. 

After  the  colour  of  the  surface  of  the  mixture  has  become 
faintly  grey,  raise  the  temperature  to  a  dull  red-heat,  and 
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maintain  this  temperature  for  about  fifty  minutes.  At  the 
end  of  this  time  the  mass  will  have  beoome  almost  perfectly 
white,  owing  to  the  complete  combustion  of  the  coal. 

Now  treat  the  cool  mass  with  water,  and  filter  the  solu- 
tion. Add  a  few  drops  of  bromine  to  the  filtrate,  and  acidify 
with  HCl,  then  boil  the  liquid  until  the  bromine  is  removed. 
Determine  the  sulphate  in  this  solution  as  BaS04  (96). 

Note, — In  order  to  secure  the  complete  oxidation  of  the  coal  by  the 
above  treatment,  it  is  most  important  that  it  should  be  powdered  as 
finely  as  possible. 

The  solid  mixture  should  not  be  stirred  during  the  heating,  eUe 
the  oxidation  of  the  coal  will  be  much  impeded. 

A  Bunsen-bumer  fed  with  spirit  instead  of  with  gas  may  be  used,  in 
order  to  avoid  the  possible  introduction  of  sulphur  from  the  coal-gas. 

No  smoke  or  odorous  gases  should  escape  during  any  part  of  the 
heating  process. 

The  colour  of  the  mass,  after  it  has  been  heated,  will  be  red  if  iron 
is  present  in  the  coal. 

475.  Sulphur  in  the  Ash. — The  ash,  which  was  reserved 
from  par.  472,  is  treated  with  water  containing  a  little 
hydrochloric  acid,  the  solution  is  filtered,  and  the  residue  is 
washed.  The  sulphate  contained  in  the  filtrate  and  wash- 
ings is  determined  as  BaSO^  (96),  and  the  weight  of  sulphur 
which  it  contains  is  calculated. 

476.  Volatile  Sulphur  in  the  Coke. — The  sulphur  which 
is  converted  into  sulphur  dioxide,  when  the  coke  is  burnt  in 
the  air,  is  determined  as  follows. 

A  quantity  of  coke,  representing  a  known  quantity  of 
coal  (471))  is  roasted  in  a  porcelain-boat,  or  on  platinum-foil, 
in  a  slow  current  of  oxygen  (472).  The  gaseous  products 
are  passed  through  10  c.c.  of  standard  solution  of  iodine 
(276)  contained  in  a  bulbed  U-tube  (fig.  76,  p.  220).  The 
following  reaction  will  take  place  between  the  sulphur 
dioxide,  the  iodine,  and  the  water : — 

SO2  -H I2  +  2H20= HjSO^  +  2HI. 

T^i  amount  of  free  iodine  which  remains  in  the  solution 

U 
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is  determined  by  standard  sodium  thiosulphate  solution 
(279),  and  the  amount  of  iodine  which  has  been  acted 
upon  by  the  sulphur  dioxide  is  obtained  by  difference. 
From  this  result  the  weight  of  the  sulphur,  which  has  been 
eYol?ed  by  the  coke,  may  be  calculated. 

477.  Estimation  of  Caloiific  Power. — ^The  calorific  power 
of  fuel  is  determined  by  ascertaining  the  number  of  heat- 
units  which  are  evolved  by  the  combustion  of  unit  weight 
of  the  fuel  in  oxygen.  One  heat-imit  or  "  calorie "  is  the 
amount  of  heat  which  is  required  to  raise  the  temperature 
of  one  gram  of  water  one  degree  Centigrade. 

In  the  methods  described  below,  the  fuel  is  either  burnt 
in  a  stream  of  oxygen,  or  it  is  mixed  with  substances  which 
are  capable  of  yielding  oxygen,  such  as  potassium  nitrate 
and  potassium  chlorate,  and  the  mixture  is  kindled.  The 
products  of  combustion  escape  through  a  known  weight  of 
water,  and  the  increase  of  temperature  produced  in  the 
water  is  noted  as  soon  as  the  combustion  has  ceased. 

The  weight  of  the  water  in  grams,  multiplied  by  its  rise  of 
temperature  expressed  in  Centigrade  degrees,  will  then  give 
the  number  of  units  of  heat  which  have  been  evolved  by  the 
combustion  of  the  fuel.  This  number,  after  it  has  been 
corrected  for  the  heat  absorbed  by  the  apparatus,  gives  the 
calorific  power  of  the  fuel. 

The  calorific  power  of  coal  may  be  estimated  on  the  above 
principle  by  the  Lewis  Thompson  calorimeter  (478),  using 
a  mixture  of  potassium  nitrate  and  potassium  chlorate  to 
supply  the  oxygen.  The  results  furnished  by  this  apparatus 
are  only  approximately  accurate,  but  they  suffice  for  the 
commercial  valuation  of  the  heating  power  of  coal. 

A  more  accurate  and  convenient  method  consists  in  burn- 
ing the  fuel  in  a  stream  of  oxygen  gas  in  the  William 
Thomson  calorimeter  (479). 

478.  The  Lewis  ThompBon  Calorimet^  is  shown  in 
^g.  80.    It  comprises  a  glass  cylinder  (c),  which  holds  2000 
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grams  of  water  when  it  is  filled  up  to  the  etched  mark; 
and  a  suitable  metal  vesael  and  tube  in  which  the  fuel  caa 
ho  burnt, 

Whea  the  calorimeter  is  to  be  used,  GU  it  to  the  raark 
with  water  at  a  temperature  of  about  16*-6  C. 

Weigh  out  accurately  2  grama  of  the  finely-powdered  and 
sifted  coal.  Mix  this  intimately  with  ten  times  itB  weight  of  , 
a  mixture  of  one  part  of  potassium  nitrate  and  three  parts  of 
potassium  chlorate,  which  has  been  previously  well  dried  in 
the  Bteam-oven.  Then  try  to  kindle  the  mixture.  If  it  does 
Fio,  80. 


not  bum  steadily,  the  experiment  must  be  repeated  with 
different  proportions  of  coal  and  oxidising  mixture. 

As  soon  as  a  mixture  has  been  prepared  which  bums 
steadily  when  kindled,  transfer  a  similar  mixture  to  the 
copper  tube  (a),  seen  on  the  left  in  the  figure,  and  gently 
tap  the  tube  on  the  bench  so  as  to  cause  the  mass  to  settle 
down.  The  broader  tube  {d)  is  intended  for  a  mixture  which 
does  not  bum  readily. 

When  all  the  powder  has  been  transferred  to  the  tube, 
bury  in  the  upper  part  of  the  powder  the  lower  end  of  a 
little  piece  of  fuse,  which  is  made  by  steeping  thin  cotton- 
wick  in  nitre  solution  and  drying  it.     Place  the  tube  in  the 
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brasB  clips  attached  to  the  brass  disc,  and  proceed  to  render 
the  temperature  of  the  water  in  the  calorimeter  uniform  by 
stirring.  Then  take  its  temperature  carefully  by  means  of  a 
delicate  thermometer. 

Now  light  the  fuse,  rapidly  push  on  the  cover  (b),  taking 
care  that  the  stop-cock  is  closed,  and  immerse  the  tube  in 
the  water  until  it  stands  upon  the  bottom  of  the  cylinder. 

The  cover  (6)  consists  of  a  copper  cylinder  connected  with  a  narrow 
copper  tube.  The  cylinder  prevents  the  water  from  coming  into  con- 
tact with  the  mixture :  it  is  perforated  at  the  bottom  so  as  to  allow 
the  products  of  combustion  to  escape.  The  narrow  tube  attached  to 
the  cylinder  is  provided  with  a  stop-cock,  so  that  the  water  can  be 
admitted  into  the  cylinder  and  tube  at  the  end  of  the  combustion. 

The  mixture  will  burn  and  the  gaseous  products  of  com- 
bustion will  force  their  way  through  the  holes  at  the  base  of 
the  copper  cylinder,  and  will  pass  up  through  the  water  into 
the  air. 

The  whole  metal  apparatus  is  allowed  to  remain  immersed 
in  the  water  for  a  few  seconds  after  the  combustion  has 
ceased,  in  order  to  allow  the  metal  to  transfer  its  heat  to  the 
water. 

The  stop-cock  is  then  opened,  so  as  to  admit  water  to  the 
interior  of  the  metal  apparatus.  The  metal  apparatus  is 
alternately  raised  and  lowered  several  times  so  as  to  mix  the 
water  thoroughly,  and  the  temperature  of  the  water  is  once 
more  taken  carefully  by  a  delicate  thermometer. 

The  number  of  Centigrade  degrees,  by  which  the  water  has 
increased  in  temperature  during  the  combustion,  is  added  to 
the  number  of  degrees  corresponding  to  the  amount  of  heat 
absorbed  by  the  apparatiis ;  the  latter  may  be  taken  as  being 
one-tenth  of  the  rise  of  temperature  observed.  And  since  2 
grams  of  coal  were  used,  and  the  glass  cylinder  contained 
2000  grams  of  water,  this  number  of  degrees,  when  multi- 
plied by  1000,  will  give  the  number  of  heat-units  or  calories 
evolved  by  rmit  weight  of  the  fuel. 

In  a  particular  estimation  the  following  results  were  obtained.  The 
initial  temperature  of  the^water  was  16*  C,  and  the  final  temperature  of 
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tha  water  wu  S2°'7  C.  A^nuniiig  tlut  the  heat  abwrbad  hy  the 
■ppanta*  is  meMured  by  cne-tenth  of  the  rue  of  temperalun  obierved 
ia  the  water,  the  calorific  power  will  be  equal  to  {fl'T  +  O'ST)  1000  = 
7S70  calories,  or  hcat-nniti. 

A  aecond  graduation  will  be  seen  on  the  glass  cylinder  at 
1934.  The  cylinder  may  be  filled  with  water  up  to  this 
mark,  and  the  temperaturee  may  be  taken  in  Fahrenheit 
degrees.  The  number  of  degrees  rise  in  temperature  regis- 
tered on  the  thermometer  after  the  combustion,  if  increased 
by  one-tenth  of  their  amount,  will  then  represent  the  num- 
ber of  pounds  of  water  which  the  bumii^  of  one  pound  of 
the  coal  will  convert  into  steam.     The  calculation  is  based 

oD  the  assumption  that  — ^ —  =  967  Fahrenheit  units  of  beat 

are  required  to  convert  the  unit  weight  of  water  into  steain. 

479.  The  William  Thomwm  Calorimeter. —This  appa- 
ratus is  a  modification  of  the  calorimeter  just  described. 
It  is  designed  for  burning  a 
weighed  quantity  of  fuel  in  a  ^w-  8^- 

platinmn  crucible  by  d  i  recting  a 
slow  stream  of  oxygen  upon  it. 

The  oxygen  passes  down  the 
vertical  tube  which  contfuna 
the  stop-cock  (fig.  81).  Wire- 
gauze  bafQe -discs  are  seen 
around  the  combustion  cham- 
ber ;  these  serve  to  break  up 
the  escaping  gaseous  products 
into  small  bubbles,  and  thus 
to  cause  them  to  be  more 
completely  cooled  by  the  water. 

The  fuel  is  kindled  hy  means 
of  a  small  fuse,  as  has  been 
already  described,  and  the  oxy- 
gen stream  is  started  by  open- 
ing the  tap  as  soon  as  the  chamber  containing  the  kindled 
fuse  has  been  lowered  into  the  water. 
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The  general  method  of  procedure  in  determining  the  calorific 
power  of  fuel  by  means  of  this  apparatus  will  be  understood  by 
the  description  already  given  of  the  use  of  the  Lewis  Thomp- 
son calorimeter  (478).  Full  details  and  statement  of  correc- 
tions will  be  found  in  the  Journal  of  the  Society  of  Chemical 
Industry  for  1886,  pages  581--584. 

For  Besnlii  of  Analyiea  of  Goal  refer  to  paragraph  76a 


Analysis  of  "Superphosphate  of  Lime." 

480.  Most  of  the  specimens  of  natural  calcium  phosphate, 
as  well  as  the  calcium  phosphate  present  in  bones,  are  insol- 
uble in  water.  But  when  these  substances  are  treated  with 
sulphuric  acid,  the  insoluble  tricalcium  phosphate,  CajP^Og, 
which  they  contain,  is  converted  into  soluble  mono-calcium 
phosphate,  CaH^P^Og.  The  treatment  of  insoluble  phos- 
phates with  sulphuric  acid  is  carried  out  on  a  large  scale  by 
manure  manufacturers  in  order  to  produce  the  soluble  phos- 
phate or  "  superphosphate  "  of  commerce. 

"  Superphosphate  "  accordingly  consists  essentially  of  mono- 
calcium  orthophosphate.  But  it  also  contains  varying  propor- 
tionsof  the  following  substances,  tricalcium  phosphate,  calcium 
sulphate,  and  compounds  of  iron,  aluminium,  magnesium,  and 
the  alkali-metals.     Organic  matter  is  also  usually  present. 

481.  Estimation  of  Moisture.— Weigh  out  accurately 
about  2  grams  of  the  superphosphate  in  the  watch-glasses 
and  dip,  and  heat  it  in  the  steam-oven  for  five  hours.  The 
loss  of  weight  represents  the  amoimt  of  moisture,  or  uncom- 
bined  water. 

482.  Estimation  of  Combined  Water. — ^The  superphos- 
phate, after  having  been  dried  as  above  (481),  is  transferred 
to  the  air-oven,  and  is  heated  to  IGO"*  C.  until  its  weight  is 
constant.  The  loss  of  weight  represents  the  amount  of 
'v^ixibined  water. 


483,  484.]  SUPBBPHOSPHATB.  311 

483.  Extraction  of  the  Portion  which  is  SohiUe  in 
Water. — Weigh  out  10  grams  of  the  well-sampled,  undried 
superphosphate^  into  a  mortar.  Add  a  little  water,  and  mix 
the  whole  into  a  paste  by  gently  stirring  it  with  the  pestle. 
Add  more  water,  stir  well,  and  allow  the  undissolved  matter 
to  settle ;  then  decant  the  almost  clear  liquid  into  a  flask. 
Treat  the  residue  again  with  water,  and  once  more  decant. 
Bepeat  these  operations  twice,  and  finally  transfer  the  un- 
dissolved residue  to  the  flask.  Allow  the  flask  to  stand  for 
two  hours,  shaking  it  occasionally.  The  total  volume  of 
water  used  should  be  about  300  c.c. 

Now  filter  the  liquid  into  a  half-litre  flask,  and  wash  the 
undissolved  residue  on  the  filter  with  water,  until  the  flask  is 
filled  up  to  the  graduation.  Reserve  the  residue  in  the  filter 
for  subsequent  estimations  (488-490),  and  proceed  to  use  the 
filtrate,  or  "  original  solution,"  for  the  estimations  in  para- 
graphs 484-487. 

If  the  superphosphate  contains  free  acid,  the  process  of  extraction, 
involving  standing  for  two  hoars  with  the  water  containing  acid,  will 
probably  render  a  larger  proportion  of  phosphate  soluble  in  water  than 
was  actually  soluble  in  the  original  substance. 

484.  Estimation  of  Soluble  Phosphates  of  Iron  and  Alu- 
minium, and  of  Soluble  Galdmn  Phosphate. — Transfer  250. 
C.C.  of  the  "  original  solution  "  (483)  to  an  evaporating  dish,  add 
a  little  sodium  carbonate  in  order  to  neutralise  the  free  acid,  and 
then  a  few  small  crystals  of  potassium  nitrate.  Evaporate  this 
liquid  to  dryness,  and  remove  the  organic  matter  by  igniting  the 
residue.  As  soon  as  the  dish  is  cold,  add  hydrochloric  acid  and 
water.  Add  more  acid  and  heat  the  liquid,  if  it  is  not  clear. 
Now  add  a  slight  excess  of  ammonium  hydrate  solution,  and 
then  an  excess  of  acetic  acid.  Filter  off  the  phosphates  of 
aluminium  and  iron,  and  wash,  dry,  ignite,  and  weigh  them. 

Make  up  the  filtrate  to  250  c.c,  and  withdraw  two  suc- 
cessive portions  of  50  c.c.  each.  Make  duplicate  determina- 
tions of  the  P2O5  in  these  by  means  of  uranium  nitrate 
solution,  which  has  been  standardised  with  calcium  phosphate 
solution  (310). 
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An  alternative  gravimetric  method  consists  in  precipitating 
the  phosphate  in  50  c.o.  of  the  '^original  solution"  with 
ammonium  moljbdate  solution,  and  weighing  it  as  magne- 
sium pyrophosphate  (465). 

485.  EBtimation  of  Calcium  and  Magnesium. — Transfer 
100  C.C.  of  the  filtrate  (484)  to  a  beaker;  add  excess  of 
ammonium  oxalate  solution ;  filter  off  and  wash  the  preci- 
pitate; and  weigh  the  calcium  either  as  carbonate  or  as 
oxide  (no,  III). 

Render  the  filtrate,  containing  the  magnesium,  alkaline 
with  ammonium  hydrate ;  the  magnesium  will  probably  be 
precipitated,  either  partially  or  wholly,  as  phosphate.  Then 
add  sodium  phosphate  solution,  and  allow  the  liquid  to 
stand.  Filter  off,  dry  and  ignite  the  precipitate  of  magnesium 
ammonium  phosphate  and  weigh  the  magnesium  pyrophos- 
phate (130). 

486.  Estimation  of  Organic  Matter  and  Alkali-metals. 
— Mix  100  C.C.  of  the  "  original  solution  "  (483)  in  an  eva- 
porating dish  with  milk  of  lime  until  the  liquid  is  just  alka- 
line. Evaporate  to  dryness,  and  heat  the  residue  in  the 
air-oven  at  160**  C.  until  its  weight  is  constant.  Then  ignite 
over  a  small  Bunsen-flame  until  the  dish  ceases  to  lose  in 
weight.  The  loss  of  weight  will  give  the  amoimt  of  soluble 
organic  matter  in  the  superphosphate. 

Treat  the  residue  with  water,  add  a  little  more  milk  of 
lime,  and  heat  for  some  time.  Filter  off  the  insoluble  matter 
and  wash  it  twice.  Then  precipitate  the  sulphate  and  the 
calcium  from  the  filtrate  and  washings,  by  adding  barium 
chloride,  ammonium  hydrate,  ammonium  carbonate,  and 
ammonium  oxalate  solutions  iu  the  order  named.  Filter, 
convert  the  alkali-metals  in  the  filtrate  into  chlorides  by 
adding  hydrochloric  acid,  and  estimate  them  as  is  described 
in  paragraphs  358,  359. 

487.  Estimation  of  Sulphate.— Heat  100  c.c.  of  the 
"original  solution"  (483)  to  boiling,  add  a  few  drops  of 
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hydrochloric  acid,  and  precipitate  with  barium  chloride  solu- 
tion.    Weigh  the  barium  sulphate  (96). 

488.  Estimation  of  Insoluble  Organic  Matter.— The 
residue  lefb  on  the  filter  (483)  will  contain  the  organic 
matter,  gangue,  and  undissolved  phosphate  and  sulphate. 
D17  the  residue  in  the  steam-oven,  transfer  it  as  completely 
as  possible  to  a  platinum  crucible,  and  weigh.  Then  ignite 
the  crucible  until  all  the  organic  matter  has  been  destroyed. 
The  loss  of  weight  will  give  the  amount  of  organic  matter. 

489.  Estimation  of  Silicions  Matter. — Heat  the  ignited 
precipitate  (488)  with  hydrochloric  acid,  in  order  to  extract 
the  portion  which  is  soluble  in  acid.  Filter  off,  wash,  ignite, 
and  weigh  the  residue,  which  consists  of  gangue  or  silicious 
matter. 

490.  Estimation  of  Insoluble  Iron,  Aluminium,  Phos- 
phate, Calcium,  Magnesimn,  and  Sulphate.— Make  up  the 

filtrate  (489)  to  250  c.c,  and  estimate  its  dissolved  matter 
as  is  described  in  paragraphs  484,  485,  487. 

491.  Estimation  of  Nitrogenous  Matt^. — Superphos- 
phates are  occasionally  mixed  with  nitrogenous  manures  and 
ammoniacal  salts,  and  nitrogen  must  then  be  estimated. 

Nitrogen  present  in  these  forms  may  be  determined  in 
2  grams  of  the  superphosphate  by  the  soda-lime  method 
(660).  Kjeldahl's  method  (663)  may  also  be  employed ;  but 
if  nitrate  is  present,  it  must  be  removed  by  evaporating  with 
ferrous  sulphate  and  dilute  hydrochloric  acid  before  the 
nitrogen  is  estimated  by  this  process. 

The  ammonia  may  be  determined  by  mixing  2  grams  of 
the  substance  with  sufficient  water,  then  adding  sodium 
hydrate,  or  magnesia  if  much  nitrogenous  matter  is  present, 
and  distilling.  The  ammonia  gas  is  received  in  standard 
acid,  which  is  then  titrated  as  is  described  in  paragraph  139. 

For  the  Sesnlii  of  an  Analyiifl  of  Superphosphate  of  lime  refer  to 
paragraph  76Z. 
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Analtsis  of  Mineral  Phobfhatbs  and  Bonb-Manurbb. 

492.  The  above  process  for  the  analysis  of  superphosphate 
is  applicable  to  the  analysis  of  other  mineral  phosphates. 
Since,  however,  mineral  phosphates  contain  little  or  no 
matter  soluble  in  water,  the  treatment  with  water  may  be 
omitted,  and  the  phosphate  may  be  at  once  treated  with 
acid.  Carbonate,  if  present,  is  estimated  by  the  methods 
described  in  paragraphs  140-149. 

For  Eesnlii  of  Analyiea  of  CoproliteB  and  of  Bone-flour  refer  to 
paragraphs  762,  763. 


Estimation  op  the  Total  Vfi^  in  "Basic  Slag," 
Mineral  Phospaates  and  Superphosphates. 

493.  For  the  estimation,  10  grams  of  the  "Thomas'  slag  " 
are  heated  with  50  c.c.  of  strong  H^SO^  for  fifteen  minutes, 
to  a  temperature  at  which  white  fumes  appear.  The  cold 
liquid  is  then  diluted  to  500  c.c.  and  filtered. 

60  C.C.  of  the  filtrate  are  mixed  with  20  c.c.  of  citric  acid 
solution,  containing  500  grams  of  acid  per  litre;  and  the 
liquid  is  nearly  neutralised  with  the  strongest  ammonia 
solution  diluted  with  ten  times  its  volume  of  water. 

The  solution  is  then  precipitated  by  adding  magnesia 
mixture  (132),  and  one-third  of  its  volume  of  the  above 
ammonia  solution. 

The  precipitate  is  weighed  as  Mg2P207  (131). 

For  Besnlii  of  Analyiea  refer  to  paragraph  764. 


Analysis  of  Guano. 


494.  Since  guano  gives  off  ammonia  when  it  is  heated 
to  100°  C,  its  moisture  cannot  be  estimated  in  the  ordinary 
way.     About  4  grams  are  weighed  into  a  bent  gkuss  tube 
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(154),  which  is  immersed  in  an  air-bath  or  oil-bath  heated 
to  120'*  C. 

One  end  of  the  tube  is  connected  with  a  wash-bottle,  which 
contains  a  known  volume  of  normal  acid,  and  a  current  of 
air  is  drawn  through  the  tube  and  the  wash-bottle.  The 
ammonia  gas,  which  is  given  off  during  the  heating,  passes 
into  and  is  absorbed  by  the  acid  in  the  wash-bottle. 
After  the  heating  is  stopped,  the  ammonia  is  estimated 
by  titrating  the  free  acid  with  standard  sodium  hydrate 
solution. 

The  loss  of  weight  suffered  by  the  guano  is  equal  to  the 
water  and  the  anmionia,  hence  the  water  may  be  calculated 
by  difference.  The  dried  substance  is  then  ignited  strongly 
in  the  air,  and  the  loss  of  weight  represents  the  amount  of 
organic  matter. 

The  residue  is  treated  with  HCl,  and  the  estimations  which 
are  described  in  paragraphs  484-487  sltb  made  in  the  solu- 
tion. 

For  Besnlii  of  an  Analyris  of  Guano  refer  to  paragraph  765. 


DRY  ASaAY  FOB  LEAD,  FOR  SILVEB,  AND  FOR  GK)LD. 


Dry  Assay  of  Lead  Orbs. 

The  chief  ore  of  lead  is  galena,  PbS.  This  ore  always 
contains  more  or  less  silver,  hence  the  assay  includes  an 
estimation  of  silver. 

495.  Dry  Assay  of  Galena  for  Lead.— The  ore  is  reduced 
by  heating  it  with  iron  and  with  a  suitable  flux,  and 
the  metallic  lead  thus  separated  is  weighed.  Either  iron 
may  be  introduced  into  a  clay  crucible  (a),  or  an  iron 
crucible  may  be  employed  (b). 

(a).  Assay  of  Galena  in  a  Clay  Crucible. — ^Grind  the  sample 
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of  ore  in  a  mortar,  and  pass  the  whole  of  it  through  a  fine 
sieve.  Also  reduce  some  sodium  carbonate  and  some  argol 
or  crude  tartar  to  fine  powder. 

Weigh  out  25  grams  of  the  ore. 

„  25  grams  of  the  sodium  carbonate. 

„  2  grams  of  the  argol. 

Keserve  one-fifth  of  the  sodium  carbonate;  mix  the 
remainder  well  with  the  ore  and  with  the  argol,  and  transfer 
the  mixture  to  the  crucible,  which  has  been  previously  dried 
by  placing  it  under  the  furnace  bars.  Double  over  a  piece  of 
hoop-iron,  which  is  of  such  a  length  that  when  bent  it  is 
the  same  height  as  the  interior  of  the  crucible,  and  place  it 
in  the  crucible  with  the  free  ends  downwards.  Cover  the 
surface  of  the  mixture  in  the  crucible  with  the  sodium  car- 
bonate which  has  been  reserved  for  that  purpose,  place  the 
crucible  low  down  in  a  dtUl  red  fire,  and  cover  it  with  the  lid. 

Raise  the  temperature  gradually,  and  at  the  end  of  ten 
minutes  remove  the  furnace-cover  slightly,  grasp  the  piece  of 
hoop-iron  with  the  tongs  and  stir  the  mixture  with  it  After 
the  lapse  of  another  ten  minutes  stir  again,  and  strike  the 
handles  of  the  tongs  sharply  on  the  side  of  the  furnace,  in 
order  to  detach  any  beads  of  lead,  which  may  adhere  to  the 
iron,  and  cause  them  to  drop  into  the  crucible.  Now  heat 
more  strongly  for  five  minutes ;  then  remove  the  iron  hoop 
and  raise  the  temperature  by  turning  on  the  full  draught,  so 
as  to  render  the  slag  fluid.  Remove  the  crucible  from  the 
furnace.  Pour  the  fused  substance  out  into  an  iron  mould. 
Turn  the  cool  mass  out  of  the  mould,  and  hanmier  the  button 
of  lead  in  order  to  detach  the  slag  from  it.  Then  cleanse  the 
button  by  rubbing  it  with  a  hard  tooth-brush,  and  weigh  it. 

(b).  Assay  in  an  Iron  Crucible,  —For  the  estimation  weigh 
out  30  grams  of  the  very  finely-powdered  ore,  and  mix  this 
with  30  grams  of  dry  sodium  carbonate  and  3  grams  of 
crude  tartar.  Heat  a  wrought-iron  crucible  to  dull  redness 
in  a  wind-furnace ;  remove  the  crucible,  introduce  the  above 
mixture,  and  cover  its  surface  with  a  sprinkling  of  borax. 
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If  the  craeible  has  been  preriously  used,  heat  it  and  sorape  off  the 
Boale  from  the  interior  before  introdacing  the  mixture. 

Now  cover  the  crucible  with  the  lid,  replace  it  in  the  wind- 
furnace,  and  surround  and  cover  it  with  coke. 

Heat  the  crucible  moderately  for  about  twenty  minutes, 
taking  care  not  to  let  the  temperature  rise  too  high ;  then 
remove  it  from  the  furnace,  and  scrape  down  any  slag,  which 
adheres  to  the  sides,  with  an  iron  stirrer.  Tap  the  crucible 
gently,  and  pour  the  melted  mass  into  a  smooth  conical  iron 
mould.  When  the  whole  has  become  cold,  remove  the  mass 
from  the  mould.  The  metal  will  be  found  at  the  bottom 
in  the  form  of  a  button.  Break  o£f  the  slag  with  a  hammer, 
and  beat  the  lead  until  all  the  slag  is  detached.  Finally 
wash,  dry,  and  weigh  the  lead  button. 

After  the  fused  mass  has  been  poured  out,  the  internal 
surface  of  the  crucible  should  be  smooth,  and  no  globules 
of  lead  or  of  partly  fused  portions  of  slag  should  be  seen 
adhering  to  the  interior.  The  slag  should  be  homogeneous, 
and  should  contain  no  particles  of  lead  or  imdecomposed 
galena. 

A  wrought-iron  crucible  will  serve  for  from  ten  to  twenty 
assays.     . 

Several  assays  must  be  made  on  the  same  ore,  and  the 
mean  of  the  satisfactoiy  results  should  be  taken. 

496.  Assay  of  Oxide  of  Lead  and  of  Carbonate  of  Lead. 

— ^The  assay  of  oxidised  lead  ores,  which  are  free  from  sulphur, 
arsenic,  and  phosphorus,  is  readily  made  by  means  of  charcoal 
or  tartar. 

Weigh  out  30  grams  of  the  finely-powdered  ore :  mix  this 
with  10  grams  of  sodium  carbonate  and  10  grams  of  tartar, 
and  about  1*5  grams  of  finely-powdered  charcoal.  Place  the 
mixture  in  a  small  covered  clay  crucible  (Battersea  round), 
fuse  it  in  the  wind-furnace  at  a  moderate  heat,  and  pour  out 
the  fused  mass  (495).  Detach  the  lead  button  from  the  slag, 
and  cleanse  and  weigh  it,  as  is  described  in  parj  495. 


318  OENEBAL  ANALYSES.  [497-499, 


Assay  of  Lead  for  Silver. 

497.  The  button  of  lead  (495)  containing  the  silver  is 
placed  on  a  shallow  vessel  made  of  bone^ash,  known  as  a 
cupel,  and  is  heated  in  a  muffle-furnace  :  the  muffle  being  so 
arranged  that  products  of  combustion  do  not  enter,  but  a 
regulated  current  of  air  can  be  passed  through  it. 

The  button  melts  and  the  lead  is  converted  into  oxide. 
The  lead  oxide  is  partly  volatilised,  and  is  partly  absorbed  by 
the  cupel.  The  silver  remains  on  the  surface  of  the  cupel 
as  a  small  globule,  which  is  detached  and  weighed. 

498.  Preparation  of  Bone^ush  Cupels. — Cupels  may 
either  be  purchased,  or  they  may  be  prepared  as  follows. 

Some  finely-powdered  bone-ash  is  well  mixed  in  a  mortar 
with  sufficient  water  to  cause  it  to  hold  together  when  it  is 
pressed  with  the  hands,  without  soiling  them. 

The  moistened  bone-€ish  is  introduced  into  a  suitable  mould, 
a  plug  is  placed  upon  the  bone-ash,  and  is  struck  sharply 
with  a  hammer  several  times.  The  cupel  thus  formed  is 
detached  from  the  mould,  and  dried  in  the  steam-oven :  it  is 
then  ready  for  use. 

499.  The  Process  of  Oupellation. — Place  one  of  the 
cupels  in  the  hot  muffle,  and  heat  it  to  bright  redness  for 
about  ten  minutes,  so  as  to  drive  off  all  the  moisture. 

Drop  the  button  of  lead  (495)  into  the  heated  cupel  by 
means  of  the  assay-tongs,  and  close  the  muffle-door.  A 
black  crust  will  form  on  the  surface  of  the  lead ;  this  will 
disappear  in  a  short  time,  leaving  the  button  brighter  than 
the  cupel.  If  this  "  clearing "  does  not  take  place,  drop  a 
little  powdered  charcoal,  wrapped  in  tissue  paper,  into  the 
cupel,  and  raise  the  temperature  of  the  muffle.  If  the  clear- 
ing does  not  now  appear,  start  with  a  fresh  button,  and  apply 
a  higher  temperature. 

As  soon  as  the  button  is  "  clear,"  diminish  the  draught  of 
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the  furnace,  and  allow  a  little  air  to  enter  by  the  muffle-door. 
Lower  the  temperature  somewhat,  since  the  temperature  at 
starting  is  higher  than  is  needed  during  the  oxidation  of 
the  lead.  If  the  temperature  is  too  high,  loss  of  silver  by 
volatilisation  will  occur.  Towards  the  end  of  the  process, 
raise  the  temperature  again  by  closing  the  muffle-door  and 
increasing  the  draught. 

The  final  stage  is  easily  recognised,  since  the  thin  layer 
of  oxide  is  reduced  to  a  film  which  presents  iridescent 
colours,  and  these  suddenly  disappear  when  the  operation 
is  finished.  The  globule  of  silver  then  suddenly  glows  and 
solidifies. 

Remove  the  cupel  from  the  muffle,  and  allow  it  to  cool. 
Detach  the  button,  hammer  it  out  on  a  small  anvil,  and 
finally  clean  it  with  a  hard  brush.  Weigh  the  button  care- 
fully on  a  very  delicate  balance,  and  calculate  the  weight  of 
silver  present  in  the  lead,  stating  the  result  in  ounces  per  ton 
of  lead. 


Dry  Assay  of  Gold  Quartz. 


500.  Since  the  amoimt  of  gold  in  gold-ores  rarely  exceeds 
2  ounces  per  ton,  and  is  usually  much  less  than  this,  it  is 
necessary  to  extract  the  metal  with  great  care.  The  process 
is  divided  into  three  parts. 

(1)  The  ore  is  heated  with  lead  oxide  and  a  flux.     The 

lead,  which  is  thus  produced,  extracts  the  gold 
and  silver  from  the  ore. 

(2)  The  lead  button  is  cupelled,  and  the  silver  and  gold 

are  left  on  the  cupel. 

(3)  The  gold  is  *'  parted  "  from  the  silver,  by  dissolving 

out  the  latter  with  nitric  acid. 

501.  OoncentratiQn  of  the  Oold.— Powder  the  ore  and 
pass  it  through  the  finest  brass-wire  sieve  (35).     Weigh  out 
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50  grams,  or,  if  the  ore  is  a  very  poor  one,  100  grams,  and 
mix  this  intimately  with  the  following  flux : — 

Red  lead  (Note^  503)>      •  40  grams. 

Anhydrous  sodium  carhonate,  .  100     „ 

Borax, 25     „ 

Flour, 4-5  „ 

Transfer  the  mixture  to  a  smooth  fire-clay  crucible,  cover 
it  with  the  lid,  and  heat  it  in  a  wind-furnace.  The  heat  at 
first  must  not  be  too  great,  but  must  be  raised  considerably 
before  '^  pouring."  Pour  into  a  conical  iron  mould,  which  has 
been  previously  warmed.  When  the  mass  is  cold,  detach 
and  clean  the  lead  button.  The  slag  should  be  glass-like, 
and  should  separate  easily  from  the  metal ;  it  must  contain 
no  particles  of  lead. 

502.  Oupellation. — The  lead  button  is  now  cupelled  (499), 
a  high  temperature  being  used,  so  as  to  separate  the  copper 
completely.  A  high  temperatiire  may  be  safely  used,  since 
gold  is  much  less  volatile  than  silver.  The  button  of  gold 
and  silver  is  then  cleaned  and  weighed.  If  it  shows  a  yellow 
colour,  it  contains  more  than  50  per  cent,  of  gold. 

503.  Parting. — The  process  of  "parting"  consists  in  dis- 
solving out  the  silver  from  the  gold  by  means  of  nitric  aoid« 

If  the  gold  does  not  exceed  30  per  cent,  of  the  weight  of 
the  button,  the  whole  of  the  silver  will  be  dissolved.  If  too 
much  silver  is  present,  the  gold  will  be  left  as  a  powder  which 
is  difficult  to  manipulate.  The  most  convenient  proportions 
are  2*5  parts  of  silver  to  1  part  of  gold. 

If  the  gold  does  not  exceed  30  per  cent.,  flatten  out  the 
button  by  carefully  hammering  it.  If  the  button  is  large, 
anneal  it  occasionally  by  heating  it  to  redness  on  charcoal  in 
the  blowpipe-flame.  Finally  anneal  the  flattened  button,  in 
any  case,  before  "  parting  "  it. 

Heat  a  little  strong  nitric  acid,  diluted  with  three  times  its 
volxune  of  water,  nearly  to  boiling  in  a  tube ;  and  drop  into  it 
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the  weighed  button.  Keep  the  liquid  at  this  temperature  for 
ten  minutes,  then  pour  off  the  acid,  and  heat  the  button  with 
nitric  acid  diluted  with  an  equal  volume  of  water.  Boil  for 
several  minutes,  then  pour  off  the  acid,  and  wash  the  residue 
with  distilled  water. 

Fill  up  the  tube  with  water,  cover  the  open  end  with  the 
thumb  and  invert  it  in  a  small  porcelain  crucible  containing 
water.  The  gold  will  settle  down  to  the  bottom  of  the 
crucible.  Remove  the  tube  and  water,  and  drain  off  the 
water  from  the  crucible.  Dry  the  gold,  and  ignite  it  until  it 
changes  from  a  dark  red  to  a  yellow  colour.  Cool  the  metal, 
transfer  it  to  a  watch-glass,  and  weigh  it  accurately.  Calcu- 
late the  weight  of  gold  present  in  the  ore,  stating  the  result 
as  ounces  per  ton. 

If  the  button  contains  more  than  30  per  cent,  of  gold 
before  "parting,"  it  will  retain  silver.  In  such  a  case  suffi- 
cient silver  is  added  to  raise  the  proportions  to  2*5  parts  of 
silver  to  1  part  of  gold,  and  the  parting  is  repeated  with  this 
alloy. 

If  the  gold  weighs  only  2  or  3  milligrams,  the  requisite 
quantity  of  silver  may  be  alloyed  with  it  by  simple  fusion 
on  charcoal  before  the  blowpipe. 

If  the  amount  of  gold  exceeds  a  few  milligrams,  weigh  out 
the  required  amount  of  silver,  wrap  the  silver  and  gold 
together  in  I  gram  of  sheet-lead  (Note)^  and  cupel  the  metals. 
Flatten,  anneal,  and  "  part "  the  gold  button.  The  gold  will 
now  be  free  from  silver,  and  may  be  weighed  on  a  very 
delicate  balance ;  its  weight  is  calculated  as  oimces  per  ton. 

NoU, — ^The  silver  which  is  introduced  in  the  red  lead,  and  subse- 
quently in  the  metallic  lead,  must  be  estimated  and  allowed  for.  The 
silver  may  usually  be  estimated  by  cupollation  (499) ;  but  if  it  is  very 
small  in  amount  it  must  be  determined  as  chloride  in  the  nitric  acid 
solution  of  the  lead  by  the  process  described  in  par.  4x5. 

Example. — 50  grams  of  ore  were  fused  with  fluzi  and  a  lead  button 
was  obtained  which  gave  on  cupellation  a  yellow  bead  weighing  2*5  milli- 
grams. Before  "  parting,"  the  bead  was  recupelled  with  2  milligrams 
of  silver.    The  white  bead,  after  parting,  yielded  1  milligram  of  gold. 

X 
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Bemring  in  mind  thAt  the  number  of  grains  in  one  ton = 2240  x  7000, 
and  that  there  are  480  grains  in  1  ounce  Troy,  the  weight  of  gold 
present  in  the  ore  is  calculated  as  grains  and  then  as  ounces  per  ton,  as 
follows :  — 

Weight  of  gold=??*ix7OMx0:001^gj8-6  grain.  i»rtonofore. 

313*6 

=  0*65  ounce  per  ton  of  ore. 


480 

From  Uie  aboye  results,  tlie  weight  of  Ag  in  the  button  »  3*5  milligrams. 
Subtracting  the  weight  of  Ag  in  the  red  lead  'V 

used 1-1  |-s3'l         ,, 

And  the  weight  of  Ag  added,  2*0  J 

The  weight  of  silver  from  the  ore =0*4         ,. 


Therefore  by  calculation  from  this  result,  as  above : — 
Weight  of  silvers  0*26  ounce  per  ton  of  ore. 


PAUT  lY -SECTION  X. 


WATER  ANALYSIS. 


520.  Introductory  Bemarks. — The  chemical  examination 
of  water  is  usually  undertaken  in  order  to  ascertain  the 
suitability  of  the  water  for  drinking,  or  for  technical 
purposes. 

If  the  fitness  of  a  particular  water-supply  for  the  purpose 
of  washing  with  soap,  or  of  raising  steam,  is  to  be  ascertained, 
the  examination  may  be  restricted  to  certain  determinations 
of  its  mineral  constituents,  such  as  total  solid  residue,  per* 
manent  and  temporary  hardness,  and  acidity. 

If,  however,  the  suitability  of  the  water  for  drinking 
purposes  is  to  be  determined,  it  often  becomes  necessary  to 
estimate  the  amount  of  certain  substances  which  may  be 
hurtful  to  health.  Some  of  these  are  of  a  mineral  character, 
such  as  lead  salts.  But  commonly  the  most  serious  and 
dangerous  contamination  to  be  anticipated  is  that  arising 
from  drainage  or  sewage.  The  animal  refuse  which  has 
been  thus  introduced,  is  frequently  indicated  by  the  presence 
of  an  abnormal  proportion  of  ammonium  compounds,  of 
chlorides,  or  of  nitrites  or  nitrates  in  the  water.  These 
indications  are  usually  valuable,  but  they  are  only  of  import- 
ance when  no  other  source  of  these  substances  is  possible. 

The  detection  of  more  recent  sewage  contamination  in  the 
form  of  organic  matter,  involves  the  application  of  certain 
special  processes.  The  most  accurate  and  trustworthy  of 
these  processes  is  that  of  combustion  introduced  by  Frank- 
land  and  Armstrong.  By  this  process  the  absolute  amounts 
of  organic  carbon  and  nitrogen,  which  are  present  in  the 
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residue  obtained  by  evaporation  of  the  water,  are  determined  : 
and  from  the  absolute  and  relative  amounts  of  these  elements 
the  existence  and  extent  of  recent  sewage  contamination  are 
deduced. 

This  process,  however,  involves  the  use  of  special  appa- 
ratus, and  also  requires  a  somewhat  considerable  expenditure 
of  time  and  skill  Hence  other  processes  for  estimating 
organic  matter  in  water,  which  are  both  simple  and  expedi- 
tious, have  been  more  generally  adopted  by  analysts.  These 
processes  are  described  in  the  text,  and  the  student  is  referred 
to  Franldand^s  Water  Analysis^  or  to  the  description  of  this 
process  in  Sutton's  Volumeti'ic  Analf/sisy  for  an  account  of 
Frankland's  method. 


Collection  and  Inspection  op  the  Sample. 

521.  OoUection  of  the  Sample  of  Water.  —  Samples  of 
water  are  most  conveniently  collected  and  stored  in  Win- 
chester-quart bottles.  These  bottles  are  commonly  made  of 
blue  glass,  and  are  provided  with  accurately  fitting  stoppers, 
fktch  bottle  holds  about  2400  c.c.  For  an  ordinary  analysis, 
one  Winchester-quart  bottle  filled  with  the  water  will  be 
found  sufficient. 

Before  the  bottle  is  filled  with  the  water-sample,  it  should 
be  well  washed  out  with  water,  and  then  allowed  to  drain  in 
an  inverted  position.  Bottles  which  have  been  used  for  acids 
should  be  preferred,  since  they  are  most  readily  cleansed. 

The  use  of  stoneware  bottles  and  of  corks  in  storing  water- 
samples  is  to  be  condemned. 

Before  the  bottles  are  filled,  they  should  be  rinsed  out  two 
or  three  times  with  the  water.  When  the  water  is  to  be 
collected  from  a  river  or  spring,  the  bottle  is  totally  immersed 
in  the  water,  and  is  filled  up  to  within  half  an  inch  of  the 
bottom  of  the  stopper.  If  the  water  is  supplied  from  a  pump 
or  tap,  several  gallons  should  be  allowed  to  flow  away  before 
the  sample  is  taken.     A  sample  of  a  town  supply  must  be 
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drawn  direct  from  the  street-mains,  and  not  from  a  storage 
cistern. 

The  stopper  is  inserted  as  soon  as  the  bottle  has  been 
filled.  It  should  be  held  in  its  seat  by  drawing  down  tightly 
over  it  a  piece  of  sheet  rubber,  or  of  clean  calico  or  linen  rag, 
the  edges  of  which  are  firmly  tied  round  just  beneath  the 
projecting  edge  of  the  neck  with  string  or  with  thin  copper 
binding-wire.  The  fastening  should  be  sealed  with  sealing- 
wax.  No  lute  or  other  material,  which  might  find  its  way 
into  the  bottle  when  the  stopper  is  removed,  must  be  em- 
ployed. 

Samples  of  water  should  be  stored  in  a  cold,  dark  room  or 
cellar. 

522.  Order  of  Work. — In  carrying  out  the  following 
estimations,  the  order  in  which  they  are  to  be  started  should 
be  carefully  considered,  with  the  view  of  economising  time 
as  far  as  possible.  Experience  has  shown  that  if  the  pro- 
cesses are  started  in  the  order  in  which  they  are  described  in 
the  text,  this  end  will  generally  be  best  secured. 

Ammonia,  and  organic  matter  should  be  determined  as 
soon  as  possible  after  the  sample  has  been  collected,  and  im- 
mediately after  the  bottle  has  been  opened,  since  these  con- 
stituents often  suffer  rapid  change  in  amount  when  the  water 
is  kept  or  is  exposed  to  the  air.  The  water  in  the  bottle 
should  be  shaken  up  before  any  portion  is  poured  off  for  analy- 
sis, in  order  to  maintain  its  uniformity  of  composition. 

It  is  usually  annecessary  to  carry  out  the  whole  of  the  following 
estimations  on  any  one  sample  of  water,  and  the  analyst  must  select 
those  which  give  the  necessary  information  in  each  case.  Thus, 
water  which  is  to  be  used  in  a  steam  boiler,  should  be  free  from  acidity, 
contain  but  little  dissolved  solids,  and  have  low  hardness.  In  water 
used  for  washing  and  dyeing,  low  hardness  and  absence  of  iron  are  of 
special  importance. 

523.  The  Colour  of  the  Water  is  observed  by  pouring  it 
into  a  tall  narrow  cylinder  of  white  glass,  and  looking  down 
the  cylinder  upon  a  white  surface.  The  tint  should  be  com- 
pared with  that  of  a  sample  of  pure  water.     The  cylinder, 
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or  tube,  in  which  this  test  is  made,  should  be  about  2  feet  in 
length. 

The  Taste  and  Smell  of  the  water  are  usualiy  obsen^ed 
after  it  has  been  gently  heated. 

Acidity. — Pure  natural  water  is  usually  slightly  alkaline 
in  reaction,  and  when  a  strip  of  neutral  litmus-paper  (223) 
is  immersed  in  it,  it  becomes  distinctly  blue.  Acid  reaction 
usually  indicates  the  presence  in  the  water  of  manufacturers' 
waste  or  of  mine  products. 


Examination  of  thb  Suspended  Matter. 

524.  Chemical  Examination  of  the  Suspended  Matter. 

— The  presence  of  suspended  matter  in  water  usually  indi- 
cates imperfect  filtration,  but  it  may  be  due  to  the  action  of 
the  water  on  lead  (555)*  ^nd  to  other  causes.  Unless  the 
water  is  distinctly  turbid,  it  is  not  usual  to  filter  it  before 
it  is  analysed.  If,  however,  much  suspended  matter  Is  pre- 
sent, its  amount  may  be  estimated  and  the  water  may  at  the 
same  time  be  rendered  clear,  in  the  following  way. 

The  necessary  quantity  of  water  is  passed  through  an  uwrashed 
filter- paper,  and  the  weight  of  the  suspended  matter  in  the  filter  is 
determined.  The  filtrate  is  rejected,  or  is  used  only  for  the  determina- 
tion of  total  solids,  chloride,  nitrate,  hardness,  or  poisonous  metals. 
Another  portion  of  the  sample,  which  has  become  clear  by  subsidence, 
is  employed  for  determining  ammonia  and  dissolved  organic  matter. 

If  the  filtered  water  must  be  used  for  determining  the 
ammonia  and  organic  matter,  pour  several  litres  of  distilled 
water,  free  from  ammonia,  through  a  6-inch  filter-paper, 
with  known  weight  of  ash  (64).  This  will  dissolve  out  the 
ammonia  which  may  be  present  in  the  paper.  Ascertain 
that  the  water,  which  passes  through  the  filter,  has  ceased  to 
dissolve  out  any  ammonia,  by  adding  to  the  last  portion  of 
it  2  c.c.  of  Nessler-solution :  the  water  must  remain  colour- 
less after  standing  for  five  minutes  (530).  Now  dry  the  filter 
in  the  air-oven  at  110**  C,  until  its  weight  is  constant  (40). 
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Then  fit  the  filter  into  a  fannel.  Shake  up  the  sample  of 
water  in  the  bottle,  and  pour  a  measured  quantity — say  2 
litres — of  the  water  through  the  filter,  receiving  the  water 
in  a  clean  dry  Winchester-quart  bottle.  Remove  the  funnel 
from  the  bottle,  wash  the  residue  with  distilled  water,  and 
dry  it  at  110''  C.  imtil  its  weight  is  constant. 

The  increase  of  weight  of  the  filter  will  give  the  total 
weight  of  suspended  matter  in  the  2  litres  of  the  water. 
Calculate  the  weight  of  dry  suspended  matter  in  parts  per 
100,000,  by  multiplying  this  weight  by  50. 

Now  bum  off  the  organic  matter  from  the  residue,  and 
incinerate  the  filter  in  a  platinum  crucible  (74) :  or  if  the 
suspended  matter  is  small  in  amount  and  adheres  to  the 
filter,  cut  the  filter  up  into  strips  with  a  clean  pair  of 
scissors,  and  incinerate  it  in  the  platinum  crucible.  As 
soon  &s  all  the  carbon  has  been  burnt  away,  recarbonate  the 
residue  by  adding  a  few  drops  of  ammonium  carbonate  solu- 
tion ;  then  ignite  it  again  at  a  low  temperature,  and  weigh 
it  when  it  is  cold. 

This  weight,  less  that  of  the  filter-ash,  will  be  the  weight  of 
inorganic  suspended  matter.  Calculate  from  this  the  weight 
in  parts  per  100,000.  The  difference  between  this  number, 
and  the  one  previously  obtained  for  the  total  suspended 
matter,  represents  the  amount  of  organic  suspended  matter. 

525.  Microfloopic  Examination  of  the  Suspended 
Matter. — It  is  advisable  to  examine  the  suspended  matter 
under  the  microscope.  For  this  purpose  allow  the  water  to 
remain  in  a  tall  cylinder  for  several  hours,  until  the  suspended 
matter  has  been  deposited.  Carefully  pour  off  the  clear 
supernatant  water  as  completely  as  possible ;  transfer  a  drop 
of  the  residual  liquid  to  a  glass  slide,  and  examine  it  with  a 
one-sixth  objective.  Take  especial  care  to  look  for  fibres 
of  wool,  hair,  muscular  tissue,  or  any  kind  of  animal  matter 
which  would  be  indicative  of  sewage.  The  presence  of  organ- 
isms should  be  carefully  noted.  Chlorophyll  granules  and 
cells  indicate  vegetable  matter. 
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Estimation  of  the  Total  Dissolvkd  Solids. 

526.  Rinse  a  clean  platinum  or  porcelain  evaporating  dish 
with  distilled  water,  heat  it  to  redness,  then  allow  it  to  cool 
in  a  desiccator,  and  weigh  it  carefully.  Place  the  dish  upon 
a  glass  ring  on  the  water-bath,  or  on  a  beaker  of  suitable  size 
placed  on  a  tripod  stand  (49).  The  bath  or  beaker  should  be 
about  two-thirds  filled  with  water,  and  a  few  small  pieces  of 
paper  should  be  thrown  into  the  water  in  the  beaker,  in 
order  to  prevent  the  water  from  bumping  while  it  is  boiling. 

Now  measure  out  500  c.c.  of  the  water  in  a  graduated  de- 
livering flask  (208),  and  fill  the  dish  to  within  half  an  inch 
from  its  edge  with  the  water.  The  volume  of  water  used 
may  be  reduced,  if  much  solid  matter  is  present.  As  the 
liquid  evaporates,  continually  add  more  water,  until  the  whole 
of  it  has  been  transferred  to  the  dish.  When  all  the  water  has 
evaporated,  cleanse  and  dry  the  outside  of  the  dish,  then  place 
it  in  the  steam-oven,  and  heat  it  until  its  weight  is  constant. 

Since  the  residue  in  the  dish  is  often  hygroscopic,  the  weigh- 
ing must  be  performed  rapidly  and  as  soon  as  the  dish  is  cold. 
It  is  even  advisable  to  cover  the  dish  with  a  plate  of  mica, 
which  has  been  weighed  with  the  empty  dish. 

The  residue  should  be  reserved  in  the  dish  for  the  estima- 
tion of  nitrate  (541). 

.  For  the  Interpretation  of  the  Besnlts  see  par.  562. 


Estimation  op  Ammonia. 


527*  All  processes  connected  with  this  estimation  must  be 
conducted  in  a  room  which  contains  no  ammonium  salts  or 
other  sources  of  ammonia. 

The  estimation  should  be  made  as  soon  as  possible  after 
the  collection  of  the  sample,  and  immediately  after  the  bottle 
has  been  opened. 

The  process  depends  upon  the  fact  that,  when  the  water 
is  distilled  with  a  little  sodium  carbonate,  the  whgle  of  the 
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ammonia,  which  is  present  in  the  water  either  in  the  free  or  in 
the  combined  state,  passes  over  in  the  first  portion  of  the  distil- 
late, and  may  be  estimated  by  the  addition  of  Nessler-solution. 

Nessler-solution  gives  a'  yellow  or  brown  coloration  with 
ammonia  or  ammonium  salts,  the  intensity  of  the  colour 
increasing  with  the  proportion  of  ammonia  present. 

The  colour  produced  in  the  distillate  by  the  Nessler-solution 
is  accordingly  exactly  matched,  by  adding  the  same  quantity 
of  the  Nessler-solution  to  the  same  volume  of  pure  water,  to 
which  a  suitable  and  known  amount  of  standard  ammonium 
chloride  solution  has  been  added.  The  quantity  of  ammon ia  in 
the  distillate  is  equal  to  that  in  the  ammonium  chloride  u»sd. 

The  following  requisites  (528-533)  must  be  provided  for 
this  estimation. 

528.  Nessler  Solution. —Dissolve  62*5  grams  of  potassium 
iodide  in  about  250  c.c.  of  distilled  water.  Reserve  about 
10  c.c.  of  this  solution.  Add  gradually  to  the  main  portion 
a  cold  saturated  solution  of  mercuric  chloride,  stirring  con- 
stantly and  increasing  the  quantity  of  mercuric  chloride 
until  a  permanent  precipitate  remains  in  the  liquid.  Now 
add  the  reserved  portion  of  the  potassium  iodide  solution  cau- 
tiously and  with  constant  stirring,  until  only  a  slight  preci- 
pitate remains.  Next  dissolve  150  grams  of  caustic  potash 
in  150  c.c.  of  water,  allow  the  solution  to  cool,  and  add  it  to 
the  above  solution.  Then  add  to  this  alkaline  liquid  a  satu- 
rated solution  of  mercuric  chloride  until  a  slight  permanent 
yellow  precipitate  is  produced.  Dilute  this  liquid  to  1  litre, 
and  allow  it  to  staud  for  a  short  time. 

Keep  this  Nessler-solution  in  a  bottle  which  is  closed  with 
a  well-fitting  rubber  stopper,  and  decant  a  portion  of  the  clear 
solution  from  time  to  time  into  a  smaller  bottle  for  use. 

It  will  be  found  convenient  to  fit  a  perforated  rubber 
stopper  into  the  neck  of  the  small  bottle.  A  glass  tube, 
with  1  c.c.  and  2  c.c.  marks  upon  it,  passes  through  this 
stopper,  and  serves  to  measure  out  and  deliver  the  required 
quantity  of  the  solution. 
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529.  Standard  Ammoniam  Chloride  Solution. — Weigh 
out  accurately  1  '5735  grams  of  pure  recrystallised  ammonium 
chloride.  Dissolve  it  in  water,  and  make  the  sohition  up  to 
a  litre.  This  solution  is  too  strong  for  use,  but  it  is  of  con- 
venient strength  for  a  stock  solution.  When  the  standard 
solution  is  required,  dilute  100  c.c.  of  the  stock  solution  to 
a  litre.  Each  c.c.  of  the  diluted  solution  corresponds  to 
0-00005  gram  of  NHg. 

530.  Water  Free  from  Ammonia. — Ordinary  distilled  or 
soft  water  frequently  contains  sufHcient  ammonia  to  render 
it  unfit  for  use  in  the  estimation  of  ammonia.  In  order 
to  ascertain  whether  ammonia  is  present,  a  small  glass 
cylinder  (531)  is  nearly  filled  with  the  distilled  water,  2  c.c. 
of  Nessler-solution  (528)  are  added,  and  the  liquids  are 
mixed  by  stirring.  The  cylinder  is  then  placed  on  a  white 
surface.  If  the  water  develops  no  yellow  coloration  after 
standing  for  five  minutes,  it  is  sufficiently  pure  for  use. 

If,  however,  a  yellow  or  brown  coloration  appears,  the  water 
must  be  distilled  in  the  following  way.  Pour  the  water  into  a 
large  flask  (532),  and  add  about  a  gram  of  sodiiun  carbonate 
prepared  by  the  recent  ignition  of  sodium  carbonate  crystals 
(533)'  Connect  the  flask  with  a  condenser,  and  proceed  to 
distil  the  water.  Reject  the  first  portion  of  the  distillate ; 
collect  the  remainder  in  a  small  glass  cylinder  (531),  and  test  it 
with  Nessler-solution  in  the  way  which  has  been  just  described. 

As  soon  as  the  distillate  ceases  to  give  a  coloration  w^ith 
Nessler-solution,  collect  it  in  a  clean  Winchester-quart  bottle, 
and  keep  the  tightly  stoppered  bottle  in  a  room  which  con- 
tains no  ammonimn  salts  or  other  sources  of  ammonia. 

Instead  of  adding  sodium  carbonate  to  the  water  in  order  to 
get  rid  of  the  ammonia  as  is  directed  above,  the  ammonia  may 
be  retained  in  the  water  in  the  flask  during  the  process  of  dis- 
tillation by  the  addition  of  a  few  drops  of  dilute  sulphuric 
acid;  the  whole  of  the  distillate  will  then  be  free  from  ammonia. 

"ti.  The  Glan  Cylinders  which  are  used  in  this  process  should 

ie  of  perfectly  colourless  glass  ;  they  are  6  inches  in  height 

inches  in  diameter,  and  have  a  capacity  of  100  c,c.    It  is 
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essential  that  they  should  be  nniform  in  size  and  capacity,  but  smaller 
cylinders  are  sometimes  osed. 

532.  Bittillation  FUwk.— If  the  flask  which  is  used  for  the  distil- 
lation is  fitted  with  a  rubber  cork,  it  frequently  happens  that  the 
distillate  is  contaminated  with  ammonia  for  a  long  time.  With  some 
rubber  corks  it  is  impossible  to  obtain  ammonia-free  water. 

A  oonyenient  flask,  which  does  away  with  this  source  of  trouble, 
is  a  round  fractionating  flask  of  not  less  than  2  litres  capacity,  with 
the  ordinary  side-tube  fused  upon  the  side  of  the  neck  (fig.  18,  p.  27). 
Its  neck  is  closed  by  a  well-fitting  glass  stopper,  which  has  been 
ground  in  by  means  of  fine  emery-powder  and  water.  In  place  of 
the  itopper  a  well-fitting  oork  covered  with  tin-foil  may  be  used. 
The  side-tube  is  passed  to  a  distance  of  about  4  inches  down  the 
inner  tube  of  the  condenser,  and  should  be  of  such  diameter  as  to 
fit  into  this  tube  precisely.  By  this  arrangement,  the  contact  of 
the  steam  with  rubber  is  preyented. 

533.  Sodium  Oarboiutte  OryitalB  do  not  contain  ammonium  salts. 
Other  forms  of  sodium  carbonate  frequently  contain  these  salts,  which 
have  been  introduced  in  the  process  of  manufacture.  It  is  extremely 
difficult  to  remove  this  impurity  from  the  sodium  carbonate  by  igni- 
tion, and  its  presence  renders  the  sodium  carbonate  quite  unsuitable 
for  the  estimation  of  ammonia. 

534.  The  Process  of  Estiinatmg  Ammonia.— The  fol- 
lowing preliminary  test  is  first  made  for  the  purpose  of 
ascertaining  what  amount  of  water  should  be  used  for  the 
more  exact  determination  of  the  ammonia. 

50  C.C.  of  the  water  under  examination  are  measured  into 
a  glass  cyliuder  (531),  and  the  cylinder  is  placed  upon  a 
white  tile.  2  c.c.  of  Nessler-solution  (528)  are  added  to  the 
water,  and  the  liquid  is  then  well  stirred. 

50  o.c.  of  the  distilled  water  free  from  ammonia  (530)  are 
now  poured  into  a  second  cylinder,  0*1  c.c.  of  the  diltUe 
standard  ammonium  chloride  solution  (529)  is  added,  and 
the  liquid  is  mixed  with  2  c.c.  of  Nessler-solution. 

If  the  intensity  of  colour  in  both  cylinders  is  about  the 
same  after  they  have  been  allowed  to  stand  for  about  five 
minutes,  half  a  litre  of  the  water  may  be  used  for  the  deter- 
mination of  the  ammonia.  If  the  coloration  produced  by  the 
water-sample  is  less  or  greater  than  that  of  the  standard,  a 
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proportionately  larger  or  smaller  quantity  of  the  water  must 
be  used.  A  little  experience  will  render  it  possible  to  judge 
the  amount  of  water  to  be  used  for  the  distillation,  by  merely 
inspecting  the  colour  which  is  obtained  in  the  preliminary 
experiment. 

It  should  be  remembered  that  the  coloration,  which  corre- 
sponds to  that  given  by  about  0*4  c.c.  of  the  standard  am- 
monium chloride  solution,  is  most  suitable  for  accurately 
determining  ammonia  by  this  process. 

(a).  Process  of  Distillation, — Now  adapt  the  distillation 
flask  to  the  Liebig's  condenser  (532)i  and  proceed  to  free  the 
apparatus  from  ammonia  as  follows.  Pour  into  the  flask 
about  250  c.c.  of  water  free  from  ammonia  (530),  and  a  gram 
of  recently-ignited  sodium  carbonate  (533)-  Heat  the  flask 
with  au  Argand-burner  (70)  or  with  a  Bunsen-burner  which 
is  raised  to  within  about  half  an  inch  from  the  bottom  of 
the  flask,  so  as  to  flatten  out  the  flame. 

When  the  liquid  boils  briskly,  allow  the  steam  to  blow 
through  the  whole  apparatus  for  a  few  minutes.  Then  con- 
tinue the  distillation,  condensing  the  steam,  until  about  50 
c.c.  of  water  have  been  collected  in  one  of  the  glass  cylinders 
(531),  and  test  this  for  ammonia  by  adding  2  c.c.  of  the 
Nessler-solution  (530).  If  any  coloration  is  seen,  distil  over 
about  50  c.c.  more  of  the  water  into  a  fresh  cylinder  and  test 
again  with  Nessler-solution.  Continue  this  procedure  until 
no  ammonia  can  be  found  in  the  last  portion  of  the  distillate. 
The  apparatus  has  now  been  freed  from  ammonia. 

Pour  the  requisite  quantity  of  the  water  under  examina- 
tion into  the  flask,  and  distil  over  three  separate  portions 
of  about  50  c.c.  each  into  three  cylinders.  Reserve  these  in 
the  order  in  which  they  have  been  collected.  Then  allow  the 
apparatus  and  its  contents  to  stand  by  undisturbed  for  the  sub- 
sequent determination  of  the  "  albuminoid  ammonia  "  (535)* 

(b).  Process  of  ^^  Nesslerising" — Add  to  the  contents  of 
the  second  of  the  test-cylinders,  which  contain  the  distillate, 
2  c.c.  of  Nessler-solution,  stir  well,  and  place  the  cylinder  on 
a  white  tile.     Now  make  a  comparison-test,  by  dropping  into 
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a  clean  empty  cylinder  0*2  c.c.  of  the  standard  ammonium 
chloride  solution  from  a  burette,  adding  50  c.c.  of  ammonia- 
free  water,  and  2  c.c.  of  Nessler-solution,  and  mixing  the 
liquids  by  stirring.  Allow  both  the  cylinders  to  stand  for 
five  minutes  before  their  tints  are  compared. 

If  the  intensity  of  colour  in  the  two  cylinders  is  not  the 
same,  throw  away  the  contents  of  the  comparison  cylinder, 
and  rinse  it  out  with  water.  Drop  into  the  cylinder  either 
more  or  less  of  the  ammonium  chloride  solution,  as  may  be 
considered  necessary,  and  pour  in  50  c.c.  of  the  ammonia-free 
distilled  water.  Now  mix  the  liquid  with  2  c.c.  of  Nessler- 
solution,  allow  the  cylinder  to  stand  for  five  minutes,  and 
compare  the  coloration  with  that  in  the  test-cylinder. 

These  operations  are  repeated,  if  necessary,  until  the 
colour  in  the  testrcylinder  matches  that  in  the  comparison- 
cylinder:  the  volume  of  the  ammonium  chloride  solution 
which  has  been  required  is  then  noted  down. 

The  addition  of  the  ammonium  chloride  solution  to  the  water  must 
never  follow  that  of  the  Nessler-solution,  ehe  the  liquid  will  become 
turbid,  and  an  accarate  comparison  of  the  colours  will  be  impossible. 

The  distillate  in  the  third  cylinder  may  now  be  tested  in 
the  same  way  with  the  Nessler-solution.  It  will  usually  be 
foimd  to  contain  no  ammonia.  But  if  it  requires  more  than 
0*2  C.C.  of  the  standard  ammonium  chloride  solution,  the 
distillation  must  be  continued,  and  a  fourth  cylinder  must  be 
collected  and  tested. 

If  the  colour  given  by  the  second  cylinder  does  not  require 
more  than  0*3  c.c.  of  the  ammonium  chloride  solution  to 
match  it,  the  first  cylinder  may  be  tested  at  once  in  the  same 
way  as  the  second. 

If  more  than  0*3  c.c.  of  the  ammonium  chloride  solution  is 
required  to  match  the  second  cylinder,  ths  whole  of  the  first 
distillate  must  not  be  mixed  with  the  Nessler-solution,  else 
the  colour  produced  would  be  too  intense  to  allow  of  accurate 
judgment.  In  this  case  the  volume  of  the  first  distillate  is 
ascertained.     25  cc,  or  even  less,  of  the  distillate  are  then 
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diluted  to  50  c.c.  with  ammonia-free  water,  and  are  tested 
with  the  Nessler-solution  in  the  manner  already  described. 
The  total  amount  of  the  ammonium  chloride  solution,  which 
would  correspond  to  the  ammonia  in  the  distillate  in  the 
first  cylinder,  is  then  calculated. 

The  separate  amoimts  of  ammonium  chloride  required 
by  the  different  portions  of  the  distillate  are  now  added 
together,  the  weight  of  ammonia  present  in  the  chloride  is 
calculated,  and  from  this  the  weight  of  ammonia  contained 
in  100,000  parts  of  the  water  is  found. 

Example. — The  first  cylinder  of  the  distillate  from  5(K)  c.c.  of  the 
water  required  0*6  cc.,  and  the  second  0*8  cc  of  the  ammonium 
chloride  solution  ;  the  total  amount  used  was  therefore  0*6 +  0*3 =0*9 
G.C  Hence  it  follows  that  half  a  Htre,  or  500  grams,  of  the  water 
contains  0*9  x  0*00005  =  0*000045  gram  of  NH„  and  the  water  contains 
0*000046  X  200  =  0-009  part  of  NH,  per  100,000. 

For  Interpretatioa  of  the  SesnltB  refer  to  i>ar.  563. 


Estimation  op  Albuminoid  Ammonia. 

535.  Estimation  of  Albuminoid  Ammonia. — When  an 
organic  substance  containmg  nitrogen  is  mixed  with  alkaline 
potassium  permanganate  solution,  and  the  liquid  is  boiled, 
either  a  portion,  or  the  whole  of  its  nitrogen,  is  evolved  as 
ammonia.  The  ammonia  thus  generated  has  been  termed 
"albuminoid  anmionia." 

The  fraction  of  the  total  nitrogen,  which  is  thus  converted 
into  ammonia,  appears  to  be  definite  for  any  one  organic 
substance ;  but  the  fractions  of  the  total  nitrogen  evolved 
as  ammonia  from  different  substances  vary  greatly.  Hence 
this  method  would  be  of  no  value  for  estimating  the  amount  of 
sewage  contamination  in  a  water,  if  the  nitrogenous  organic 
matter  in  sewage  were  not  fairly  uniform  in  its  character. 
^^  ^-^  maintained  that  in  ordinary  water  containing  sewage. 
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"  the  disintegrating  animal  refuse  is  pretty  fairly  measured 
by  ten  times  the.  albuminoid  ammonia  which  it  yields." 

Sewage  or  sewage  efflaents,  and  liquids  which  contain  much  nitro- 
genous organic  matter,  may  be  acidified  and  eyaporated,  and  the 
residue  may  be  treated  by  the  Kjeldahl  process  (663).  The  total 
nitrogen  is  thus  estimated  as  ammonia. 

For  the  estimation  of  albuminoid  ammonia,  an  alkaline  solu- 
tion of  potassium  permanganate  is  required,  in  addition  to  the 
requisites  for  the  process  of  estimating  anmionia  (528-533). 

536.  Preparation  of  AlkaliTift  Potassium  Permanganate 
Solution. — Pour  about  44  c.c.  of  distilled  water  into  a  flask, 
add  10  grams  of  potassium  hydrate  and  0*5  gram  of  potassium 
permanganate.  While  the  distillation  of  the  water  for  the 
estimation  of  ammonia  is  proceeding  (534)}  boil  the  above 
liquid  vigorously  in  the  open  flask.  As  soon  as  the  liquid  has 
been  boiled  down  to  about  one-half  its  original  volume,  it  is 
free  from  ammonia  and  is  ready  for  use  in  estimating  the 
albuminoid  ammonia. 

537.  The Processof  Estimating  "Albuminoid  Ammonia." 
— Add  the  alkaline  potassium  permanganate  solution  (536) 
to  the  liquid  which  is  left  in  the  distillation-flask  after  the 
estimation  of  the  ammonia  (534f  &)  >  then  pour  in  sufficient 
ammonia-free  water  (53O)  to  bring  up  the  volume  to  about 
half  a  litre. 

Boil  the  contents  of  the  distillation-flask  over  an  Argand 
flame  (70),  or  over  a  naked  Bunsen-flame  flattened  against 
the  bottom  of  the  flask,  until  at  least  four  50  c.c.  portions 
have  been  collected  in  separate  cylinders  (531)'  Test  each 
of  these  portions  with  Nessler-solution,  starting  with  the 
last  one,  and  reject  any  portions  of  the  distillate  which  are 
practically  free  from  ammonia. 

If  the  quantity  of  ammonia  in  the  distillate  is  believed  to 
be  small,  the  cylinders  may  be  "  nesslerised  "  in  the  manner 
described  in  par.  534i  ^-  1^  much  NH3  is  present,  either 
proceed  as  is  there  directed,  or  mix  the  several  portions  of 
the  distillate  together,  measure  the  volume  of  the  mixture, 
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and  estimate  the  ammonia  in  50  c.c.  of  it  witli  the  Nessler- 
solution  :  then  calculate  the  amount  of  ammonia  present  in 
the  whole  of  the  mixture. 

From  the  whole  amount  of  "  albuminoid  ammonia,"  which 
has  been  found  in  the  distillate,  the  weight  which  is  present 
in  100,000  of  the  water  is  found,  as  is  shown  in  the  Example 

(534)- 

For  the  Interpretation  of  the  Beralts  refer  to  par.  564. 


Estimation  of  thb  Oboanig  Matter. 

538.  Estimation  of  the  Oxygen  Ck>iisiimed  by  the 
Organic  Matter,  by  the  Forschammer  or  Oxygen  Process. 
— This  process  enables  a  judgment  to  be  formed  as  to  the 
total  amount  of  oxidisable  matter  present  in  water.  In  the 
absence  of  nitrite  and  of  other  inorganic  reducing  substances, 
the  amount  of  oxygen  which  is  required  for  the  oxidation  of 
the  organic  matter  can  be  accurately  determined  by  this  process. 

The  process  consists  in  mixing  a  known  volume  of  the 
acidified  water  with  a  known  volume  in  excess  of  standard 
potassium  permanganate  solution.  The  mixture  is  allowed 
to  stand  for  a  definite  time  at  about  lb"*  C,  and  the  organic 
matter  in  the  water  is  thus  oxidised.  The  excess  of  the  per- 
manganate remaining  after  the  oxidation  is  then  estimated, 
and  subtracted  from  the  amount  originally  added.  The  result 
is  the  amount  of  permanganate  which  has  been  required  to 
oxidise  the  organic  matter. 

In  order  to  correct  the  result  for  errors  incidental  to  the 
process,  equal  volumes  of  the  permanganate  solution  are 
added  to  equal  volumes  of  the  water  and  of  pure  distilled 
water  (797)-  Both  these  mixtures  are  allowed  to  stand  for 
a  fixed  time  at  about  15°C.,  and  the  excess  of  permanganate 
is  then  titrated  in  each  of  them.  The  difference  between  the 
amounts  of  permanganate  required  by  these  two  liquids  for 
their  oxidation  represents  the  amount  of  permanganate  which 
has  been  required  to  oxidise  the  organic  matter  in  the  water- 
sample.  From  this  the  amount  of  oxygen  consumed  by  the 
organic  matter  may  be  calculated. 
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The  Following  Solutions  are  required  for  this  process. 

(a).  Solution  of  Potassium  Pennanganate. — Dissolve  0*395 
gram  of  pure  potassium  permanganate  in  1000  c.c.  of  water. 
Each  c.c.  of  this  solution  contains  0*0001  gram  of  oxygen 
available  for  oxidation. 

(b).  Sodium  Thiosulphate  Solution, — Dissolve  1  gram  of 
pure  recrystallised  sodium  thiosulphate  in  1  litre  of  water. 

(c).  Dilute  Sulphuric  Acid, — Dilute  1  volume  of  pure 
strong  sulphuric  acid  with  3  volumes  of  water. 

(d).  Potassium  Iodide  Solution, — Dissolve  1  part  of  pure 
recrystallised  potassium  iodide  in  10  parts  of  water. 

(e).  Starch  Solution, — Dissolve  1  part  of  starch  in  100 
parts  of  boiling  water  (278),  and  use  the  clear  cold  solution. 

The  Process  of  Estimating  the  Oxygen  required  by  the 
Organic  Matter. — Rinse  out  two  18-oz.  conical  flasks  (A,  B), 
first  with  strong  sulphuric  acid  to  destroy  organic  matter,  and 
then  with  distilled  water.  Measure  into  one  flask  (A)  250  c.c. 
of  pure  distilled  water  (797)>  *°^  ^^^  *^®  other  (B)  250  c.c. 
of  the  water  under  examination.  Now  measure  into  each 
flask  10  c.c.  of  the  standard  potassium  permanganate  solu- 
tion (a),  and  10  c.c.  of  the  dilute  sulphuric  acid  (c),  and  mix 
the  liquids  by  shaking  them  round  in  the  flask.  Cover  the 
two  flasks  with  watch-glasses,  and  allow  them  to  stand  for 
three  hours  at  about  15"*  C.  If  the  pink  colour  at  any  time 
disappears  from  the  water  in  the  flask,  the  process  must  be 
started  afresh  with  20  c.c.  of  the  permanganate  solution. 

At  the  expiration  of  three  hours,  add  to  the  liquid  in  one 
flask  (A)  some  of  the  potassium  iodide  solution  (d).  The  pink 
colour  of  the  permanganate  will  change  to  yellow,  since  the 
oxygen  of  the  permanganate  liberates  its  equivalent  of  iodine. 
Now  add  the  thiosulphate  solution  (b)  from  a  burette,  until 
the  colour  of  the  liquid  in  the  flask  fades  to  a  pale  straw  tint. 
At  this  stage  add  1  c.c.  of  fresh  starch  solution  (e).  A  deep 
blue  colour  will  appear :  proceed  to  add  more  thiosulphate 
solution  gradually  until  this  colour  entirely  disappears. 

Titrate  the  contents  of  the  other  flask  (B)  in  a  similar  way. 

Y 
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The  Process  of  Calculatioii. — Let  x  represent  the  numher 
of  o.c.  of  thiosulphate  solution  which  have  been  used  in  the 
titration  of  the  permanganate  in  the  distilled  water,  and  y 
the  number  of  c.c.  used  in  the  titration  of  the  permanganate 
in  the  water  under  examination.  Then  x-y\%  the  number 
of  c.c.  of  thiosulphate  solution  which  are  equivalent  to  the 
permanganate  reduced  by  the  organic  matter  in  the  water. 

Further,  if  the  amount  of  available  oxygen  in  the  10  c.c. 
of  permanganate  originally  added  is  represented  by  a, 
then  the  weight  of  oxygen  required  to  oxidise  the  organic 

matter  in   250  c.c.   of  the  water  will  be    LnJi/-  .      But 

X 

a  =  0'001  gram  of  oxygen,  and  250  c.c.  of  water  were  used, 
therefore  the  amount  of  oxygen  consumed  by  100,000  parts 

of  the  water=('"-y)^Q-QQ^,;:  1 00,000 ^(x-y)0:4 

X  X  250  X 

Example. — In  a  particular  estimation  30  cc.  of  the  standard  thio- 
sulphate solution  were  required  for  the  distilled  water  (A),  and  25  c.o. 
for  the  water  under  examination  (B).     The  amount  of  oxygen  consumed 

per  100,000  parts  was  accordingly  in  this  case  ^     ^   ^      =0*067. 

Factors   for   Calculation   of   the   Organic   Matter. — 

Attempts  have  been  made  to  calculate  the  amoimt  of  organic 
matter  in  the  water,  from  the  quantity  of  oxygen  which  it 
consumes.  It  has  been  shown  that  no  constant  relation 
exists  between  the  amount  of  oxygen  consumed  and  the 
amount  of  organic  matter  present,  except  in  the  case  of  waters 
from  a  similar  source,  which  have  been  oxidised  at  the  same 
temperature.  By  employing  a  proper  factor,  under  these  con- 
ditions, however,  the  approximate  amount  of  organic  carbon 
can  be  calculated  from  the  oxygen  consumed. 

Thus,  when  oxidation  has  been  effected  at  about  15^  C,  the  weight  of 
organic  carbon  is  equal  to  that  of  the  oxygen  consumed  multiplied 
by  2*38,  in  the  case  of  river-waters  :  in  the  case  of  deep- well  waters  the 
factor  is  5  '8  ;  and  factors  have  been  determined  for  waters  from  other 
sources. 

For  the  Interpretation  of  the  BesnltB  refer  to  par.  565. 
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Estimation  of  Chloride. 

539.  Estiination   of   Chlorine   present  as  Chloride. — 

Chlorine  is  usually  present  in  water  in  the  form  of  sodium 
chloride,  and  its  proportion  is  frequently  reported  in  terms 
of  that  salt.  The  process  of  estimating  chloride  in  water  is 
identical  with  that  descrihed  in  paragraph  304,  standard 
solution  of  silver  nitrate  being  added  to  the  water,  which 
has  been  mixed  with  potassium  chromate  solution  to  serve  as 
an  indicator.  Accordingly  the  solutions  required  for  the 
estimation  are  the  following. 

(a).  Standard  Solviion  of  Silver  Nitrate, — Dissolve  2*3944 
grams  of  pure  recrystallised  silver  nitrate  in  distilled  water, 
and  make  the  solution  up  to  1  litre.  If  50  c.c.  of  water  are 
used  for  the  titration,  1  c.c.  of  this  silver  nitrate  solution 
will  represent  1  part  of  chlorine  per  100,000  of  the  water. 

(b).  Solution  of  Potassium  Chromate, — Dissolve  1  part  of 
potassium  chromate  in  10  parts  of  water.  The  chromate 
solution  must  be  freed  from  chloride  by  adding  solution  of 
silver  nitrate  until  a  permanent  red  precipitate  is  obtained ; 
the  liquid  is  then  filtered. 

The  Process  of  Estimating  Chloride.— Pour  the  silver 
nitrate  solution  (a)  into  a  burette,  which  is  graduated  into 
tenths  of  a  c.c.  Measure  50  c.c.  of  the  water  into  a  porcelain 
dish,  and  add  three  drops  of  the  potassium  chromate  solu- 
tion (b).  Now  add  the  silver  nitrate  solution,  drop  by  drop, 
until  a  slight  but  permanent  red  colour  is  imparted  to  the 
liquid.  This  colour  is  due  to  the  formation  of  silver  chro- 
mate, after  the  whole  of  the  chlorine  has  been  precipitated 
as  silver  chloride. 

It  will  be  found  convenient,  until  experience  has  been 
gained,  to  prepare  a  similar  dish  containing  50  c.c.  of  water 
mixed  with  three  drops  of  the  potassium  chromate  solution, 
to  which  silver  nitrate  solution  has  been  added,  but  not  in 
excess.     The  slightest  appearance  of  a  reddish  tint  in  the 
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teBt^lish  will  then  be  easily  seen,  if  the  two  dishes  stand  side 
by  side  for  comparison. 

The  number  of  c.c.  of  the  silver  nitrate  solution  which 
have  been  used  represents  the  weight  of  chlorine  present  in 
100,000  parts  of  the  water,  if  50  c.c.  of  water  were  used. 

For  the  Interpretation  of  the  Besnlts  refer  to  par.  566. 


Estimation  of  Nitrite. 


540.  Estimation  of  Nitrite. — When  an  a^id  solution  of 
meta-phenylene  diamine  is  brought  into  contact  with  a  weak 
solution  of  nitrous  acid,  a  reddish-brown  coloration  is  pro- 
duced. A  process  for  the  estimation  of  nitrite  is  based  upon 
this  reaction.  The  following  solutions  are  required  for  the 
estimation. 

(a).  Solution  of  Meia-phenylene  Diamine, — Dissolve  5 
grams  of  this  substance  in  1  litre  of  water,  to  which  a  little 
sulphuric  acid  has  been  previously  added. 

(b).  Dilute  Sulphuric  Add, — Add  1  volume  of  strong 
sulphuric  acid  to  2  volumes  of  distilled  water. 

(c).  Standard  Solution  of  Sodium  Nitrite, — Dissolve  0'406 
gram  of  pure  silver  nitrite  in  boiling  distilled  water.  Add 
an  excess  of  pure  sodium  chloride  solution,  so  that  the  silver 
is  completely  precipitated  as  chloride.  Now  make  up  the 
liquid  to  1  litre  with  distilled  water.  Allow  the  precipitate 
to  subside,  and  make  up  each  100  c.c.  of  the  clear  liquid 
to  a  litre. 

Since  the  solution  undergoes  change  when  it  is  exposed 
to  the  air  and  to  daylight,  it  should  be  kept  in  small 
stoppered  bottles,  each  of  which  is  completely  filled  and  is 
then  stored  in  the  dark. 

One  c.c.  of  this  solution  corresponds  to  0*00001  gram  of 
NgOg,  and  to  0-000006  gram  of  the  nitrite  radicle,  NO^. 

The  Process  of  Estimating  Nitrite. — Measure  100  c.c. 
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of  the  water  into  a  perfectly  colourless  glass  cylinder  such 
as  was  used  for  the  ammonia  determination  (531).  The 
liquid  should  fill  about  three-fourths  of  the  cylinder,  and  a 
file-mark  should  be  made  upon  the  side  of  the  cylinder  denot- 
ing the  level  of  the  liquid  surface  when  100  c.c.  are  present. 

Add  1  C.C.  of  the  dilute  sulphuric  acid  (b),  then  1  c.c.  of 
the  meta-phenylene  diamine  solution  (a),  and  stir  well  with 
a  glass  rod.  If  a  coloration  is  produced  at  once,  a  smaUer 
quantity  of  the  water  must  be  taken,  and  this  must  be 
diluted  up  to  100  c.c.  with  pure  distilled  water.  When  the 
coloration  only  appears  after  the  liquid  has  stood  for  one 
minute,  the  dilution  will  be  sufficient. 

An  approximate  measurement  of  the  quantity  of  nitrous 
acid  present  is  now  made,  by  introducing  different  fractions 
of  a  C.C.  of  the  standard  sodium  nitrite  solution  (c)  into 
similar  separate  glass  cylinders.  £ach  is  then  made  up  to 
100  C.C.  with  distilled  water,  and  1  c.c.  of  the  acid  and  I  c.c. 
of  the  meta-phenylene  diamine  solution  are  added  to  each,  aJB 
is  described  above. 

It  must  be  remembered  that  the  colour  develops  only 
slowly,  and  that  the  comparison-cylinders  will  not  liavc  had 
so  long  a  time  for  the  development  of  colour  as  the  original 
test-cylinder  has  had. 

Hence,  as  soon  as  the  approximate  matching  of  colour  has 
been  effected,  it  will  be  necessary  to  make  a  fresh  series  of 
tests  with  the  water  and  with  the  comparison-cylinders,  all 
of  which  must  be  started  at  the  same  time.  The  colours 
of  these  liquids  should  be  compared  after  they  have  been 
standing  for  twenty  minutes. 

For  the  Interpretation  of  the  BesnltB  refer  to  par.  567. 


Estimation  op  Nitrogen  in  Nitritb  and  Nitrate. 

541.  Three  methods  are  described. 

According  to  the  first  method  (542)  the  nitrogen  is  con- 
verted into  nitric  oxide  by  the  action  of  strong  sulphuric 
acid  and  mercury,  and  the  nitric  oxide  gas  is  measured. 
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In  the  second  method  (543)  the  nitrogen  is  converted  into 
ammonia  bj  the  action  of  the  copper-zinc  couple,  and  the 
ammonia  is  estimated  by  the  Nessler  colorimetric  process 

(534). 

N(A€. — A  more  rapid  method  for  the  redaotion  of  the  nitrate  consista 
Id  treating  its  aolation,  acidified  with  dilnte  sulphuric  acid,  with  iron, 
which  has  heen  recently  reduced  from  its  oxide  by  hydrogen.  The 
liquid  should  be  kept  just  boiling  for  about  ten  minutes :  it  is  then 
made  alkaline,  and  the  ammonia  is  distilled  over,  and  is  estimated 
either  by  Nessler-solutiou  (534),  or  by  standard  acid  (159).  Fuller 
details  are  given  in  par.  543. 

In  the  third  method  (544)  the  nitrate  is  caused  to  form 
ammonium  picrate,  and  this  is  estimated  colorimetrically. 
This  process  estimates  nitrate  only,  and  not  nitrite. 

For  the  Interpretation  of  the  Beaulta  refer  to  par.  568. 

542.  Beduction  of  Nitrate  to  Nitric  Oxide,  and  Measure- 
ment of  this  Gas— Grum's  Method. — The  most  trustworthy 
method  for  estimating  nitrite  and  nitrate  is  that  devised  by 
Crum.  According  to  this  method,  the  solution  which  con- 
tains the  nitrite  and  nitrate  is  shaken  with  strong  sulphuric 
acid  and  mercury  in  a  closed  tube.  The  nitric  oxide,  which 
is  thus  evolved,  is  measured ;  and  the  weight  of  nitrogen 
which  it  contains  is  calculated.  In  the  absence  of  other  gas 
apparatus,  the  nitric  oxide  may  be  measured  in  a  carefully 
calibrated  Luuge  nitrometer  (714). 

The  Process  of  Estimation, — Add  a  small  quantity  of  dis- 
tilled water  to  the  residue  which  was  obtained  in  determin- 
ing the  total  solids  (526).  Warm  the  dish  on  the  steam- 
bath,  and  decant  the  liquid  through  a  small  filter  into  a  little 
beaker.  Repeat  this  operation  two  or  three  times.  Then 
evaporate  the  contents  of  the  beaker  on  the  steam-bath  down 
to  about  2  c.c. 

Fill  the  Lunge  nitrometer  (7I4>  7^6)  completely  with 
mercury ;  pour  the  liquid  from  the  beaker  into  the  cup  (f)  of 
the  nitrometer,  allow  the  beaker  to  drain  and  finally  rinse  it 
out  with  a  very  small  quantity  of  water.     Allow  the  solu- 
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tioD  and  rinsing-crater  to  pass  through  the  stop-cock  by  gently 
turning  the  tap,  taking  care  that  no  air  enters.  Then  pour 
about  doable  the  volume  of  pure  strong  sulphuric  into  the 
cup,  and  allow  this  to  flow  through  the  stop-cock. 

Now  mix  both  liquids  in  the  measuring-tube  of  the  nitro- 
meter; a  considerable  amount  of  heat  is  thus  generated, 
and  bubbles  of  carbon  dioxide  gas  and  air  may  accord- 
ingly be  evolved  at  this  stage.  As  soon  as  the  bubbles 
cease  to  rise,  which  will  require  a  pause  of  about  one 
minute,  force  out  the  gas,  which  has  coUected,  by  raising 
the  pressure-tube  of  the  apparatus  and  slightly  opening  the 
stop-cock. 

Then  close  the  stop-cock  again,  and  shake  the  measuring- 
tube  in  such  a  way  as  to  cause  part  of  the  mercury  to  mix  up 
in  small  globules  with  the  liquid.  This  is  most  readily 
effected  by  giving  a  rotatory  as  well  as  a  vertical  movement 
to  the  tube. 

After  the  tube  has  been  shaken  for  about  two  minutes, 
nitric  oxide  gas  will  be  given  off.  The  agitation  must  be  con- 
tinued until  the  evolution  of  gas  ceases,  which  will  usually 
be  the  case  in  about  five  minutes. 

Now  allow  the  liquid  to  cool  down  to  the  temperature  of 
the  air,  and  adjust  the  levels  of  the  mercury  columns  as  is 
described  in  paragraph  716.  Note  down  the  atmospheric 
temperature  and  pressure,  and  proceed  to  calculate  the 
weight  of  nitrogen  in  the  volume  of  nitric  oxide  obtained, 
as  is  shown  in  the  following  example. 

Example. — In  an  estimation  of  nitrite  and  nitrate,  500  c.c.  of  the 
water  yielded  8*8  c.c.  of  nitric  oxide  gas. 

The  atmospheric  tem[ierature  was  20**  C,  and  the  atmospheric  pres- 
sure 766  mm. 

Therefore,  the  volume  of  the  nitric  oxide  under  normal  conditions  of 

temperature  and  pressure  =  ^|^'^??  =  8 '3  x  0-939  (777). 

Now  nitric  oxide  contains  half  its  volume  of  nitrogen,  and  the 
weight  of  1  c.c.  of  hydrogen  =  0 '0000896  gram  ;  therefore,  the  weight 
of  nitrogen  in  the  nitric  oxide  =  8 -3  x  0*939  x  0-0000896  x  7=0'00195. 

And  since  500  c.c.  of  water  were  used,  the  weight  of  nitrogen  in 
100,000  parte  of  the  water-0-00195  x  200  =  0*39. 
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543.  Beduction  of  Nitrate  and  Nitrite  to  Ammonia  by 
means  of  the  Copper-Zinc  Couple,  and  Estimation  of  the 
Ammonia. — Zinc,  upon  which  copper  has  been  chemically 
deposited  as  a  black  film,  constitutes  a  "  copper-zinc  couple." 
When  this  is  immersed  in  the  solution  of  a  nitrate  or  nitrite, 
it  converts  the  nitrogen  completely  into  ammonia,  which  can 
then  be  estimated  by  means  of  Nessler-solution. 

The  following  substances  should  be  prepared. 

(ft).  Pumice :  clean  pumice  is  broken  into  pieces  about  the  size  of 
large  shot,  and  is  sifted  free  from  powder  ;  it  is  then  heated  to  redness 
for  some  time,  and  is  kept  in  a  well -stoppered  bottle. 

(b).  Hydrochloric  Acid. — Strong  hydrochloric  acid  is  tested  for  am- 
monia, by  mixing  0'5  c.c  of  It  with  water  free  from  ammonia,  in  a 
Kessler-cylinder  (531),  and  adding  2  cc  of  Nessler-solution.  If  it  is 
practically  free  from  ammonia,  10  cc  are  dilated  to  100  c.c.  with 
ammonia-free  water,  and  the  liquid  is  preserved  in  a  well-stoppered 
bottle. 

The  strong  acid  is  freed  from  ammonia,  if  necessary,  by  distillation  : 
collecting  that  part  of  the  distillate  apart  which  comes  over  free  from 
ammonia, 

(c).  The  Copper- Zinc  Couple  is  prc})ared  by  pouring  a  8  per  cent, 
solution  of  crystallised  copper  sulphate  upon  pieces  of  zinc.  The  zinc 
may  either  be  in  the  granulated  condition,  or  it  may  be  prepared  by 
cutting  thin  zinc  sheet  or  foil  into  strips,  and  folding  these  up.  The 
deposition  is  allowed  to  go  on  until  the  zinc  is  covered  with  a  firmly 
adherent  black  film  of  copper.  This  film  must  not  be  so  copious  as  to 
be  detached,  when  the  zinc  is  subsequently  washed  by  gently  shaking 
it  several  times  with  fresh  quantities  of  water.  About  5  grams  of  sine 
should  suffice  for  one  estimation,  and  an  immersion  of  fifteen  minutes 
in  the  copper  solution  usually  causes  a  satisfactory  film  of  copper  to 
lie  dei>osited  upon  it. 

Process  of  Estiniatton, — The  process  must  be  conducted  in 
a  room  which  contains  no  ammonium  salts,  or  other  sources 
of  ammonia ;  and  before  proceeding  to  make  a  determination 
of  nitrate,  a  blank  experiment  should  be  made  by  the  process 
described  below.  Any  amount  of  ammonia  which  is  obtained 
in  this  blank  experiment  must  be  subtracted  from  the 
ammonia  which  is  foimd  in  an  estimation. 

The  process  may  be  carried  out  either  with  the  water  itself. 
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or  with  the  water  extract  of  the  solid  residue  (526).  The 
latter  is  commonly  used  when  the  amount  of  nitrate  present 
is  small. 

The  ammonia  which  is  produced  from  the  nitrate  hj  the 
foUowing  process  may  frequently  be  estimated  directly 
without  distillation  (2);  but  distillation  (1)  is  necessary 
when  the  water  is  coloured,  or  when  the  amount  of  nitrate 
present  is  small. 

(1)  Eatimation  of  the  Ammonia  by  Distillation, — The 
copper-zinc  couple  is  prepared,  as  is  directed  above  (c),  in  a 
10-oz.  stoppered  fractionating-flask  (532).  After  the  metals 
have  been  washed  in  the  flask,  finally  with  ammonia-free 
water,  the  tubulure  of  the  flask  is  connected  with  a  U-tube 
filled  with  the  pumice  (a)  moistened  with  the  hydrochloric 
acid  (b)  j  one  hundred  c.c.  of  the  water,  or  the  equivalent 
extract  of  the  water-residue  (526),  are  now  measured  into 
the  flask,  which  is  at  once  stoppered,  and  is  then  allowed  to 
stand  for  at  least  an  hour. 

If  any  doubt  is  felt  as  to  the  completion  of  the  reduction, 
a  small  quantity  of  the  liquid  may  be  tested  for  nitrite  by 
mixing  it  with  dilute  sulphuric  acid  and  with  meta-phenylene- 
diamine  (540).  As  soon  as  no  nitrite  can  be  detected  the 
reduction  is  complete. 

Then  add  to  the  liquid  about  a  gram  of  recently-ignited 
sodium  carbonate  crystals  (533)i  &nd  rinse  in  the  pumice 
moistened  with  hydrochloric  acid  from  the  U-tube.  Connect 
the  tubulure  of  the  flask  with  a  Liebig-condenser,  and  proceed 
to  distil  over  50  c.c.  Mix  the  distillate  well,  and  measure  5 
c.c.  into  a  Nessler-cylinder  (531).  Dilute  this  with  ammonia- 
free  water,  and  add  2  c.c.  of  Nessler-solution.  Proceed  in 
this  way  to  ascertain  the  whole  amount  of  ammonia  which 
has  been  produced  by  the  reduction  of  the  nitrate,  using 
more  than  5  c.c.  of  the  distillate  if  necessary  (534}  ^)- 

The  amount  of  ammonia  which  has  been  found  in  the 
original  water  must  be  subtracted  from  the  result  thus  obtained, 
unless  the  ammonia  was  removed  before  the  reduction  by  the 
copper-zinc  couple,  and   the  weight  of  nitrogen  which  is 
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contained  in  the  ammonia  is  then  calculated  as  parts  per 
100,000  of  the  original  water. 

(2)  Direct  Estimation  of  the  Ammonia  without  DistiUation. 
-A  volume  of  200  c.c.  of  the  original  water,  or  the  equiva- 


lent volume  of  the  extract  of  the  water-residue,  is  mixed  with 
a  small  quantity  of  oxalic  acid  solution.  The  whole  is  made 
up  to  250  c.c.  with  ammonia-free  distilled  water  (530)  and 
is  then  allowed  to  stand  in  a  well-stoppered  flask  until  the 
precipitate  of  calcium  oxalate  has  completely  subsided.  Two 
separate  portions  (A,  B)  of  the  clear  liquid  are  then  trans- 
ferred to  Nessler-cylinders. 

The  copper-zinc  couple  is  allowed  to  act  upon  one  portion  (A) 
for  an  hour,  as  has  been  just  described  (1),  and  as  soon  as  the 
reduction  to  ammonia  is  complete  the  clear  liquid  is  decanted 
into  another  cylinder,  and  2  c.c.  of  Nesslernsolution  are  added 
to  it.  The  comparison  test  is  made  by  adding  the  requisite 
quantity  of  standard  ammonium  chloride  solution  to  the 
other  portion  (B),  and  then  stirring  it  with  2  c.c.  of  Nessler- 
Bolution  (534,  b). 

The  amount  of  ammonia  present  in  250  c.c.  is  then  calcu- 
lated from  each  result.  The  difference  between  these  two 
amounts  will  represent  the  amount  of  ammonia  which  has  been 
formed  by  the  reduction  of  the  nitrate  and  nitrite  which  were 
originally  present  in  the  water.  From  this  the  weight  of 
nitrogen  present  in  the  nitrate  and  nitrite  is  then  calculated. 

By  the  above  procedure  allowance  is  made  for  the  ammonia  which 
was  originally  present  in  the  water,  or  was  contained  in  the  oxalic  acid. 
The  production  of  turbidity  by  the  addition  of  Nessler-solution  is  pre- 
vented by  the  previous  precipitation  of  calcium  salts  by  the  oxalic  acid. 

544.  Conversion  of  Nitrate  into  Ammonium  Ficrate, 
and  Estimation  Colorimetrically. — When  phenol-sulphouic 
acid  solution  is  poured  upon  a  nitrate,  and  sulphuric  acid 
is  added,  picric  acid  is  formed  : — 

CeH^.OH.SOgH  -I-  SHNOg  =  C6H2(N02)80H  -I-  HgSO^  -h  2H2O. 

The  addition  of  ammonia   in   excess  produces  ammonium 
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picrate,  the  yellow  colour  of  which  is  easily  seen  even  in  a 
very  dilute  solution.  The  intensity  of  the  colour  serves  to 
estimate  the  picrate,  and  hence  the  nitrate  from  which  it  has 
been  produced. 

This  process  estimates  nitrate  only,  and  not  nitrite.  If 
nitrite  is  present  in  the  water,  it  must  be  separately  deter- 
mined (540). 

The  following  solutions  are  required. 

(a).  Phenol'SulpJumic  Acid. — 55*5  c.c.  of  strong  pure 
HgSO^  are  added  to  4*5  c.c.  of  water  containing  9  grams  of 
phenol.  The  liquid  is  shaken  and  is  preserved  in  a  tightly- 
stoppered  bottle. 

(b).  Standard  Potamum  Nitrate  Solution, — Some  KNOg 
is  heated  just  sufficiently  to  fuse  it ;  0*722  gram  of  the  salt 
is  then  dissolved  in  water  and  the  solution  is  diluted  to  a 
litre.  Each  c.c.  of  this  solution  contains  0*0001  gram  of 
nitrogen. 

The  Process  of  Estimation, — A  measured  volume  of  the 
water,  usually  25  c.c,  is  evaporated  to  dryness  in  a  small 
porcelain  dish. 

Five  C.C.  of  the  standard  KNOg  solution  (b)  are  evaporated 
in  another  similar  dish. 

One  c.c.  of  phenol-sulphonic  acid  solution  (a)  is  added  to 
the  liquid  in  each  dish  as  soon  as  it  is  cold,  and  the  contents 
of  each  dish  are  thoroughly  mixed  with  small  glass  rods. 
One  c.c.  of  distilled  water  is  then  added  to  each  dish,  followed 
by  3  drops  of  strong  sulphuric  acid.  The  liquids  are  well 
stirred,  and  the  rods  are  rinsed  into  the  dish  with  a  little 
distilled  water. 

The  dishes  are  heated  on  the  water-bath  for  five  minutes ; 
each  dish  is  then  removed  from  the  water-bath  and  its  con- 
tents are  diluted  with  25  c.c.  of  distilled  water  and  mixed 
with  ammonium  hydrate  in  excess.  A  deep  yellow  colour 
will  appear  in  the  standard  solution,  and  also  in  the  water- 
sample,  if  it  originally  contained  nitrate. 
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The  liquids  are  now  transferred  from  the  dishes  to  gradu- 
ated 250  CO.  closed  cylinders,  and  each  is  diluted  to  100  c.c. 
with  distilled  water.  50  c.c.  of  that  solution,  which  shows 
the  lesser  intensity  of  colour,  are  placed  in  a  Nessler-cylinder 
(531)'  The  more  intensely  coloured  liquid  is  diluted  with 
water  and  is  well  mixed  by  shaking.  The  dilution  is  con- 
tinued until  50  c.c.  of  the  liquid,  when  poured  into  a  Nessler- 
cylinder,  exactly  matches  in  intensity  the  tint  of  the  originally 
paler  liquid.  The  total  volume  in  c.c.  of  the  diluted  liquid 
is  then  noted  down,  the  volume  of  the  other  being  100  c.c. 

The  Foxmiila  for  Oaloulatiiig  the  weight  of  nitrogen  (N)  present 
as  nitrate  in  100,000  of  the  water  is 

y^__  50  X  Naniber  of  co.  of  the  sample  after  dilntion. 

"No.  of  c.c.  of  the  water  used  x  No.  of  c.c.  of  standard  after  dilution. 

Example. — In  a  particular  ease  26  c.c.  of  the  water-sample  were 
used.  In  tlie  process  of  matching  the  colours  the  yellow  liquid  from 
the  water  was  made  up  to  100  cc,  while  the  yellow  liquid  from  the 
standard  nitrate  solution  was  made  up  to  250  c.c.   Hence  N,  the  weight 

of  nitric  nitrogen  present  per  100,000  of  the  water  =    ^       =0-8. 


Estimation  of  Hardness. 


545.  The  "  Hardness  "  of  Water,  or  its  soap-precipitating 
power,  depends  upon  the  amount  of  calcium  and  magnesium 
salts  which  it  contains,  since  these  salts  act  chemically  upon 
soap  and  precipitate  it  from  solution.  Other  salts  are 
occasionally  present  in  water  which  act  in  a  similar  way 
upon  soap ;  and  much  sodium  chloride  precipitates  the  soap 
from  its  solution  in  an  unaltered  state. 

Hardness  is  of  two  kinds ;  "  temporary  hardness,"  which 
can  be  removed  by  boiling  the  water,  and  "  permanent  hard- 
ness," which  cannot  be  removed  in  this  way. 

Two  processes  for  the  estimation  of  hardness  are  described. 
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Clark's  Method  (546)  is  the  older  process ;  it  does  not 
yield  accurate  results  if  a  large  quantity  of  magnesium  salts 
is  present. 

Hehner's  method  (551)  gives  on  the  whole  better  results, 
since  the  presence  of  magnesium  salts  does  not  materially 
affect  the  process. 

For  the  Interpretation  of  the  Beenlts  of  Analyiis  refer  to  par.  569. 


Estimation  op  Hardness  by  Soap-Solution. 

546.  Clark's  method  depends  upon  the  fact  that  when 
solution  of  soap  is  mixed  with  solution  of  a  calcium  or 
magnesium  salt,  an  insoluble  calcium  or  magnesium  soap  is 
produced.  Accordingly  no  lather  will  form  when  the  water 
is  shaken  with  soap-solution,  until  the  soap-solution  has  been 
added  in  excess,  and  some  soap  therefore  remains  unaltered 
in  the  liquid. 

The  solution  of  soap  in  methylated  spirit,  which  is  used 
in  this  process,  is  first  titrated  by  means  of  a  standard 
calcium  chloride  solution,  and  is  then  brought  to  the  requi- 
site strength.  The  water  is  tested  with  this  standard 
soap-solution,  and  from  the  amount  of  soap-solution  which  is 
required  to  precipitate  the  hardening  salts,  the  "degrees  of 
hardness  "  of  the  water  are  obtained.  The  result  is  usually 
expressed  by  stating  the  weight  of  calciiun  carbonate  which 
would  be  required  to  produce  the  hardness  found. 

The  following  solutions  are  required  for  the  estimation. 

(a).  Standard  Solution  of  Calcium  Chloride, — Weigh 
accurately  0*2  gram  of  pure  iceland-spar.  Dissolve  this  in 
dilute  hydrochloric  acid,  taking  care  to  keep  the  vessel 
covered,  so  as  to  prevent  loss  by  spirting.  Evaporate  the 
solution  to  dryness  on  the  water-bath.  Add  water  and 
again  evaporate  to  dryness,  and  repeat  these  processes,  once 
at  least,  in  order  to  remove  all  free  hydrochloric  acid.     Now 
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dissolve  the  residue  of  neutral  calcium  chloride  in  water,  and 
make  the  solution  up  to  a  litre. 

(b).  Preparation  of  Soap  Solution. — Potassium  oleate  soap 
is  prepared  bj  rubbing  in  a  mortar  150  parts  of  lead  plaster 
(Plumbi  Emplast.,  B,P,)  with  40  parts  of  drj  potassium 
carbonate.  When  these  substances  have  been  thoroughly 
mixed,  a  little  methylated  spirit  is  added,  and  the  process  of 
mixture  in  the  mortar  is  continued  until  a  creamy  mass  is 
formed.  This  is  stirred  with  more  spirit,  and  is  decanted 
after  the  sediment  has  subsided. 

(c).  Titration  and  Dilution  of  Soap  Solution, — This  strong 
soap  solution  now  requires  to  be  diluted,  until  14*25  c.c.  of 
it  just  cause  a  permanent  lather,  when  they  are  shaken  with 
50  c.c.  of  the  standard  calcium  chloride  solution. 

Mix  the  strong  soap  solution  w^ith  methylated  spirit,  which 
has  been  diluted  with  half  its  volume  of  water,  and  pour 
some  of  this  solution  into  a  burette.  Measure  50  c.c.  of  the 
calcium  chloride  solution  (a)  into  a  stoppered  bottle  of  250 
c.c.  capacity,  allowing  the  liquid  to  flow  out  of  the  pipette, 
without  blowing  any  carbon  dioxide  from  the  lungs  into  the 
bottle. 

Now  allow  1  c.c.  of  the  soap  solution  to  flow  from  the 
burette  into  the  bottle,  and  close  the  bottle  and  shake  it 
vigorously  for  a  short  time.  If  no  permanent  lather  is  pro- 
duced, add  another  c.c.  of  the  soap  solution  and  shake  again. 

Continue  the  addition  of  the  soap  solution,  shaking  the 
water  well  after  each  addition,  until  a  lather  is  formed,  and 
remains  for  a  short  time  when  the  bottle  is  laid  upon  its  side 
on  the  bench.  The  process  is  finished  when  the  lather  remains 
upon  the  surface  as  an  unbroken  layer  for  five  minutes. 

Towards  the  end  of  this  operation,  the  amount  of  soap 
solution  which  is  sidded  should  be  lessened,  and  it  should 
finally  not  exceed  one-fifth  of  a  c.c.  Experience  renders 
it  possible  to  detect  the  approach  of  the  end  of  the  reaction 
by  the  sound  and  sensation  produced  during  shaking,  since 
the  soimd  and  shock  become  much  more  gentle  when  a 
lather  begins  to  form. 
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The  soap  solution  can  now  be  diluted  from  calculation 
(237)  until  exactly  14*26  c.c.  of  it  are  required  to  produce 
the  lather  with  50  c.c.  of  calcium  chloride  solution. 

The  strength  of  the  soap  solution  should  be  checked  after 
it  has  stood  for  about  twenty-four  hours,  since  a  sediment 
usually  forms  which  reduces  its  value.  It  is  on  this  account 
preferable  to  defer  the  final  dilution  and  titration,  until  no 
further  sediment  is  deposited. 

Another  Method  of  Preparing  the  Soap  Solution  ia  to  dissolve  SO 
grams  pf  chemically  pure  oleic  acid  in  alcohol.  A  few  drops  of  phenol- 
phthalein  are  added  to  this  solution,  and  a  strong  solution  of  potassium 
hydrate  in  alcohol  is  gradually  added  until  the  oleic  acid  is  exactly 
neutralised,  and  saponification  is  therefore  complete.  This  is  indicated 
by  the  liquid  retaining  a  faint  purple  coloration.  The  solution  is  then 
titrated  with  the  standard  calcium  chloride  solution  (a),  and  is  diluted 
to  standard  strength  (c). 

547.  Estimation  of  the  Total  Hardness. — Measure  50 
c.c.  of  the  water  into  a  stoppered  bottle  of  250  c.c.  capacity. 
Shake  the  water  well,  and  then  remove  any  carbon  dioxide 
which  has  been  evolved,  by  sucking  out  the  air  from  the 
upper  part  of  the  bottle  by  means  of  the  pipette;  repeat 
these  processes  (see  Note),  Then  proceed  to  titrate  the 
water  with  the  standard  soap  solution  in  the  manner  de- 
scribed under  546,  c. 

If  more  than  16  c.c.  of  soap  solution  are  required  by  the 
water,  dUute  a  suitable  measured  quantity  of  the  water  to 
50  c.c.  with  boiled  distilled  water  (see  Note),  and  titrate 
again. 

The  number  of  degrees  of  hardness  in  the  water,  expressed 
as  parts  of  calcium  carbonate  per  100,000,  may  now  be 
obtained  from  the  number  of  c.c  of  soap  solution  used,  by 
reference  to  the  Hardness  Table  (550). 

If  much  magnesium  salt  is  present,  it  will  be  found 
difficult  to  ascertain  the  end  of  the  process.  This  is  partly 
due  to  the  formation  of  a  permanent  scum  upon  the  water ; 
but  also  to  the  fact  that  the  soap  solution  acts  much  more 
slowly  upon  magnesium  salts  than  it  does  upon  calciimi  salts. 
When  magnesium  salts  are  present,  it  is  best  to  dilute  the 
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water  until  not  more  than  7  c.c.  of  the  soap  solution  are 
required  for  the  titration. 

Note. — Various  precautions  are  mentioned  in  the  ahove  description 
of  the  process  for  determining  the  hardness,  with  the  object  of  prevent- 
ing the  iotroduction  of  carbonic  acid.  Carbonic  acid  acts  chemically 
upon  soap  in  such  a  way  as  to  prevent  it  from  giving  a  lather  when 
its  solution  is  shaken.  Hence,  before  any  soap-solution  is  added  to  a 
measured  sample  of  water,  the  sample  should  be  repeatedly  shaken 
vigorously  in  the  bottle,  and  the  COg  which  is  liberated  should  be 
sucked  out  by  a  tube  after  each  shaking.  For  the  same  reason  all  dis- 
tilled  water,  which  is  used  for  dilation  or  for  making  solutions,  should 
have  been  recently  boiled  and  quickly  cooled. 

548.  Estimation   of  the  Permanent    Hardness. — The 

method  consists  in  boiling  the  water  until  all  the  hardening 
salts,  which  are  precipitable  by  boiling,  are  thrown  out  of 
solution.  The  liquid  is  then  mside  up  to  its  original  volume 
with  distilled  water,  and  is  filtered  if  necessary.  The  hard- 
ness is  determined  in  the  clear  filtrate. 

Measure  about  250  c.c  of  the  water  into  a  flask,  and  weigh 
the  flask  with  the  water.  Boil  the  water  gently  for  half  an 
hour,  adding  boiled  distilled  water  from  time  to  time,  in  order 
to  replace  the  water  which  evaporates.  Now  cool  the  water 
quickly,  and  make  up  the  flask  and  water  to  their  original 
weight  {Note)  with  cold  recently  boiled  distilled  water  (S47> 
Note).  Mix  well,  pour  the  water  through  a  dry  filter,  and 
titrate  a  suitable  voliune  of  the  filtrate  with  soap  solution  as 
was  described  in  par.  547. 

The  degrees  of  Permanent  Hardness  are  then  obtained  by 
reference  to  the  Hardness  Table  (550). 

Note. — Instead  of  weighing  the  water,  an  exactly  measured  volume  of 
the  water  may  be  taken,  and  the  water  may  be  made  up  to  the  same 
volume  again  after  it  has  been  boiled  and  filtered.  This  procedure  is, 
however,  less  rapid  in  practice  than  the  preceding  one. 

549.  Temporary  Hardness.— The  difference  between  the 
Total  Hardness  and  the  Permanent  Hardness  gives  the 
Temporary  Hardness  of  the  water. 
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550.  Parts  of  CaCOg  per  100,000. 


•Sa 

CO.  of  Soap- 
solution. 

Parte  of 
CaCOs. 

Parte  of 
CaCOs. 

cc  of  Soap- 
•olutlon. 

Parte  of 
CaCOs. 

•s^ 

Parte  of 
CaCO,. 

0-7 

•00 

88 

8-64 

6-9 

7-29 

8-6 

11^06 

111 

15^00 

18-7 

1918 

•8 

•16 

•4 

•77 

6^0 

•43 

•6 

•20 

•2 

•16 

•8 

•29 

•9 

•82 

•6 

•90 

•1 

•67 

•7 

•85 

•8 

•82 

■9 

•44 

1-0 

•48 

•6 

4*03 

■2 

•71 

•8 

•60 

•4 

•48 

14-0 

•60 

•1 

•68 

•7 

•16 

-8 

•86 

•9 

•66 

•6 

•68 

•1 

•76 

•2 

•79 

■8 

•29 

•4 

S^OO 

9-0 

•80 

•6 

•79 

•2 

•92 

•8 

•96 

•9 

•43 

■6 

•14 

•1 

■95 

•7 

■96 

•8 

20^08 

•4 

Wl 

4-0 

•67 

•6 

■29 

•2 

12-11 

■8 

16-11 

•4 

•24 

•6 

•27 

•1 

•71 

•7 

•48 

•8 

•26 

•9 

•27 

•6 

•40 

•fl 

•48 

•2 

•86 

•8 

•67 

•4 

•41 

12^0 

•48 

•6 

•66 

•7 

•66 

8 

6^00 

•9 

•71 

■6 

•66 

•1 

-60 

•7 

•71 

•8 

•69 

•4 

•14 

7-0 

•88 

•6 

71 

•2 

•76 

•8 

•87 

•9 

•82 

•6 

■29 

•1 

9-00 

•7 

•86 

•8 

•90 

•9 

21-08 

2-0 

•96 

•6 

•43 

•2 

•14 

■8 

1801 

■4 

17-06 

160 

•19 

•1 

2*08 

•7 

■67 

•8 

■29 

•9 

•16 

•6 

•22 

•1 

•85 

■2 

•21 

•8 

•71 

•4 

•48 

10^0 

•81 

•6 

•88 

•2 

•51 

•8 

•84 

•9 

■86 

•6 

•67 

•1 

•46 

•7 

•54 

•8 

■68 

•4 

•47 

6-0 

6-00 

■6 

•71 

•2 

•61 

•8 

•70 

•4 

•86 

•6 

•60 

•1 

•14 

•7 

•86 

•8 

•76 

•9 

•86 

•6 

2202 

•6 

•78 

•2 

•29 

•8 

10-00 

•4 

•91 

180 

18-02 

•6 

•18 

•7 

•86 

•8 

•48 

•9 

•16 

•6 

14^06 

•1 

•17 

•7 

•86 

•8 

•99 

•4 

•67 

8-0 

•80 

•6 

•21 

•2 

•88 

•8 

•62 

•9 

8-12 

•6 

•71 

•1 

•45 

•7 

•87 

•8 

•49 

•9 

•69 

80 

•26 

•6 

•86 

•2 

•60 

•8 

•52 

•4 

•65 

16-0 

•86 

•X 

•88 

•7 

7-00 

•8 

•76 

•9 

•68 

•6 

•81 

•2 

•61 

•8 

•14 

•4 

•90 

11-0 

•84 

•6 

•97 
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Estimation  of  Hardness  bt  Standard  Acid. 

551*  ^  Hehner's  process,  the  calcium  and  magnesium 
carbonates,  which  cause  the  temporary  hardness,  are  first 
determined  bj  titration  with  standard  acid.  Both  the  car- 
bonates and  sulphates  of  calcium  and  magnesium  are  then 
precipitated  by  sidding  a  known  volume  of  standard  sodium 
carbonate  solution  in  excess  and  boiling  for  half  an  hour 
{Note  1).  The  imchanged  sodium  carbonate  is  then  esti- 
mated by  means  of  standard  acid  {Note  2).  The  amoimt  of 
sodium  carbonate  which  is  decomposed  by  the  above  sulphates 
is  thus  found,  and  from  this  the  permanent  hardness  is 
calculated.  The  hardness  is  expressed  as  parts  of  CaCOj  per 
100,000. 

Note  1. — If  magneHium  salts  are  present,  the  liqnid  should  be  evapo- 
rated to  dryness  after  adding  the  sodium  carbonate.  The  excess  of  the 
sodium  carbonate  is  then  extracted  from  the  residue  by  water  and  is 
estimated  by  titration  with  the  standard  acid. 

Note  2.— If  this  process  is  used  for  an  alkaline  water  which  contains 
sodium  carbonate,  a  correction  must  be  applied  (p.  355) . 

The  following  solutions  are  required. 

(a).  Deci-normcU  Sulphuric  Acid. — Dilute  100  c.c.  of 
normal  sulphuric  acid  (235)  to  one  litre. 

(b).  Ded-normcU  Sodium  Carbonate  Solution. — Dissolve 
5*306  grains  of  pure  dry  sodium  carbonate  (234)  in  water, 
and  make  this  solution  up  to  one  litre.  The  solution  may  also 
be  prepared  by  diluting  100  c.c.  of  normal  sodium  carbonate 
solution  (233)  to  a  litre. 

(c).  Methyl-orange  (22^)  is  used  as  an  indicator  in  these 
titrations,  because  it  is  not  affected  by  carbonic  acid. 

Estimation  of  the  Temporary  Hardness. — ^Add  to  500 
c.c.  of  the  water,  or  less  if  it  is  very  hard,  a  few  drops  of 
methyl-orange  (c).  Then  add  the  deci-normal  sulphuric  acid 
(a)  from  a  burette,  until  the  colour  of  the  solution  just 
changes  to  the  red  tint     From  the  number  of  c.c.  of  acid 
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used,  the  coiresponding  amount  of  CaCO,  is  calculated,  and 
this  is  converted  into  parts  per  100,000. 

Estunation  of  the  Permanent  Hardness. — To  250  c.c. 
of  the  water  sidd  50  c.c.  of  the  deci-normal  sodium  carbonate 
solution  (b),  and  boil  for  about  half  an'hour.  If  magnesium 
salts  are  present,  evaporate  to  dryness  and  extract  the  residue 
with  water.  Filter,  and  wash  the  precipitate  or  the  insoluble 
matter  with  boiled  distilled  water,  and  make  the  cold  filtrate 
up  to  250  o.c. 

Titrate  50  c.c.  of  the  filtrate  with  the  deci-normal  acid  (a), 
using  methyl-orange  (c)  as  an  indicator. 

From  the  number  of  c.c.  of  acid  which  have  been  used,  the 
permanent  hardness  is  calculated  in  terms  of  OaCO^  and 
this  is  converted  into  parts  per  100,000. 

The  Total  Hardness  may  be  obtained  by  adding  together 
the  temporary  and  the  permanent  hardness. 

Estimation  of  Sodium  Carbonate. — When  the  water 
contains  sodium  carbonate,  it  will  be  distinctly  alkaline  in 
reaction,  and  no  permanent  hardness  will  be  present.  The 
amoimt  of  sodium  carbonate  present  in  the  water  can  be 
easily  estimated  by  means  of  the  standard  acid  (a),  since  the 
sodium  carbonate  will  remain  in  solution  after  the  water  has 
been  boiled.  It  can  therefore  be  titrated  in  the  filtrate  after 
the  carbonates  of  magnesium  and  calcium  have  been  precipi- 
tated by  boiling  the  water  for  the  determination  of  the  per- 
manent hardness. 

Example. — In  an  estimation  of  temporary  hardness  in  a  water, 
600  cc.  of  the  water  required  8*4  c.c.  of  deci-normal  snlphuric  acid. 
Kow  Ice.  of  this  acid  corresponds  to  0*005  gram  of  GaCOg,  therefore 
the  weight  of  GaCOs,  which  would  neutralise  the  acid  used  in  the  titra- 
tion, is  8  '4  X  0  '005  =  0 '042  gram.  Hence  the  parts  of  calcium  carbonate 
per  100,000=200  x0-042=8'4. 

In  estimating  the  permanent  hardness,  250  cc.  of  the  water  were 
boiled  with  50  cc.  of  deci-normal  sodium  carbonate  solution,  and  after 
filtration  the  filtrate  was  made  up  to  250  cc.  Fifty  cc  of  this  liquid 
required  8*6  cc  of  deci-normal  sulphuric  acid  for  neutralisation. 

Hence  the  permanent  hardness  in  the  60  cc  used  con^esponda 
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to  10-8*6=:1'4  c.c.  of  ded-nonnal  aodiom  carbonate  solution,  sinoe 
10  CO.  of  Na,COs  solution  were  present  in  every  50  c.c  of  the  solution. 
Therefore  the  number  of  c.c  of  Na^GOi  solution  corresponding  to  the 
permanent  hardness  in  the  250  cc.  of  the  water  U8ed=l*4x6=7. 
And  since  1  o.c.  of  the  sodium  carbonate  solution  corresponds  to 
0*005  gram  of  CaCOj,  ^he  permanent  hardness  in  100,000  parts 
=7x0-005x400  =  14. 
Hence  the  total  hardnes8=14  +  8'4=22*4. 

For  the  Results  of  Analyses  of  water  refer  to  paragraph  766. 


ESTIVATION  OF  OTHER  SUBSTANOES  IN  WATER. 

For  ordinary  purposes  the  estimations  described  above  are 
sufficient.  But  other  processes  are  appended  for  the  detec- 
tion and  estimation  of  poisonous  metals,  and  for  certain 
estimations  which  are  required  for  technical  purposes. 


Detection  and  Estimation  of  Poisonous  Metals. 

552.  Copper  and  lead  are  the  most  commonly  occurring 
poisonous  metals  in  water :  arsenic,  barium,  and  zinc  may  be 
tested  for  in  exceptional  cases. 

Copper  and  lead  are  detected  by  evaporating  a  measured 
quantity  of  the  water  down  to  a  small  volume,  rendering  it 
just  acid  with  a  few  drops  of  hydrochloric  acid,  and  then  pass- 
ing a  current  of  hydrogen  sulphide  gas  through  the  liquid  for 
some  time.  A  brown  coloration  will  show  the  presence  of 
a  trace  of  one  or  of  both  of  these  metals :  the  quantity  of 
metal  present  is  estimated  colorimetrically  (553,  554). 

If  an  appreciable  quantity  of  sulphide  is  precipitated,  the 
metal  may  be  estimated  gravimetrically. 

553.  Estimation  of  Copper. — Prepare  a  standard  copper 
sulphate  solution  containing  0*3929  gram  of  crystallised 
copper  sulphate  per  litre.  Each  c.c.  of  this  solution  corre- 
sponds to  0*0001  gram  of  copper. 
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Evaporate  600  c.c.  of  the  water  to  50  cc,  add  a  little 
acetic  acid,  and  transfer  to  a  glass  cylinder  (531).  Then  add 
a  few  drops  of  very  dilute  potassium  ferrocyanide  solution. 
If  copper  is  present^  a  reddish-brown  tint  will  appear. 

Match  this  tint  by  mixing  a  suitable  measured  volume  of 
the  standard  copper  solution  in  a  similar  cylinder  with  50 
C.C.  of  distilled  water,  which  has  been  acidified  with  acetic 
acid  and  mixed  with  the  same  quantity  of  potassium  ferro- 
cyanide solution  as  has  been  already  used. 

The  weight  of  copper  present  in  100,000  parts  of  the 
water  =  »  x  0*0001  x  200  =  »  x  0*02,  where  n  represents  the 
number  of  c.c.  of  the  standard  copper  solution  which  corre- 
spond to  the  copper  in  500  c.c.  of  the  water. 

554.  Estimation  of  Lead. — If  copper  is  absent,  lead  may 
be  estimated  by  the  following  method. 

Prepare  a  standard  lead  acetate  solution,  containing  0'1831 
gram  of  normal  lead  acetate  per  litre.  Each  c.c.  of  this 
solution  corresponds  to  0*0001  gram  of  lead. 
.  Evaporate  500  c.c.  of  the  water  down  to  50  cc,  add  a  few 
drops  of  acetic  acid,  and  pour  off  the  liquid  into  a  clear  glass 
cylinder  (531).  Then  add  2  cc.  of  saturated  hydrogen  sul- 
phide solution  :  a  brownish  or  black  tint  will  be  produced. 

Now  pour  50  c.c.  of  distilled  water  into  a  second  cylinder ; 
add  a  measured  quantity  of  the  standard  lead  acetate  solu- 
tion, and  then  add  2  c.c.  of  hydrogen  sulphide  solution.  If 
the  colour  in  this  comparison  cylinder  is  not  as  deep  as  that 
in  the  test-cylinder,  add  the  lead  solution  gradually,  with 
constant  stirring,  until  the  coloration  is  of  equal  intensity  in 
both  cylinders. 

The  weight  of  lead  present  in  100,000  parts  of  the  water 
=nx0*02,  where  n  represents  the  number  of  c.c.  of  the 
standard  lead  solution  which  were  required. 

555.  Action  of  Water  on  Lead.  —  Rain-water,  many 
natural  soft  waters,  and  waters  containing  natural  vegetable 
acids,  act  upon  lead  if  they  remain  in  contact  with  lead  or 
lead-alloy  during  storage  or  conveyance.     It  is  therefore 
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advisable  to  ascertain  whether  water  which  is  to  be  used  for 
drinking  purposes  has  any  action  upon  lead. 

As  a  rule,  hard  waters  exert  no  action  upon  lead  unless 
they  contain  much  carbonic  acid.  This  is  due  to  the  fact 
that  the  hardening  constituents  rapidly  form  an  insoluble 
coating  upon  the  surface  of  the  lead,  and  this  prevents  the 
further  action  of  the  water. 

In  order  to  test  the  behaviour  of  a  sample  of  water  towards 
lead,  cut  off  two  strips  of  sheet-lead.  Scrape  one  of  these 
so  as  to  expose  the  bright  surface  of  the  metal,  and  leave  the 
other  tarnished  by  previous  exposure  to  air  and  water.  Im- 
merse the  lead  strips  in  separate  beakers  of  the  water,  and 
allow  them  to  stand  undisturbed  for  twenty-four  hours.  Then 
note  the  appearance  of  the  lead  and  of  the  water. 

If  the  surface  of  the  lead  has  remained  unchanged  in  appear- 
ance, and  the  water  is  perfectly  clear  and  bright  even  after  it 
has  been  shaken,  the  water  has  probably  not  acted  upon  the 
lead,  since  a  white  insoluble  basic  lead  carbonate  is  usually 
formed  by  the  action.  Remove  the  lead  strips,  and  test  the 
water  for  lead  in  solution  by  adding  a  little  saturated  solution 
of  hydrogen  sulphide,  as  has  been  described  above  (554)* 


Estimation  of  Mineral  Constitubnts. 

556.  EBtimation  of  Iron. — If  the  quantity  of  iron 
present  is  small,  it  may  be  most  readily  estimated  colori- 
metrically  as  follows.  If  the  quantity  is  large,  the  iron  may 
be  estimated  with  greater  accuracy  gravimetrically  (557,558). 

For  the  color  imetric  estimation  prepare  a  standard  iron  solu- 
tion by  dissolving  0'861  gram  of  iron  alum,  Fe(NH4)(SO^)2. 
I2H2O,  in  a  litre  of  water.  This  solution  contains  0*1  gram 
of  iron  per  litre. 

Evaporate  500  c.c.  of  the  water  to  dryness,  after  adding  a 
few  drops  of  nitric  acid  free  from  iron.  Dissolve  the  residue  in 
50  C.C.  of  water,  pour  the  solution  into  a  glass  cylinder  (53l)» 
and  add  I  c.c.  of  very  dilute  potassium  ferrocyanide  solution. 
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If  a  blue  colour  appears  at  once,  or  develops  in  the  liquid 
after  it  has  been  allowed  to  stand,  iron  is  present.  Match 
the  colour  of  this  liquid  by  adding  to  50  c.c.  of  distilled 
water  in  another  cylinder  a  known  volume  of  the  standard 
solution  of  ferric  salt^  a  few  drops  of  nitric  acid,  and  1  cc. 
of  the  ferrocyanide  solution. 

The  amount  of  iron  present  in  100,000  parts  of  the 
original  water  is  equal  to  n  x  0*02,  where  n  represents  the 
number  of  cc.  of  the  standard  iron  solution,  which  corre- 
spond to  the  iron  in  500  cc.  of  the  water. 

557.  Estimation  of  Silica. — Acidify  a  litre  of  the  water 
with  hydrochloric  acid,  and  evaporate  it  to  dryness.  Dry 
the  residue  in  the  steam  bath,  and  finally  at  1 50*  in  the  air- 
bath  ;  then  moisten  it  with  hydrochloric  acid,  add  water,  and 
heat.  Filter  off  any  insoluble  residue  of  siHca,  and  wash, 
ignite,  and  weigh  it  (see  page  150).     Preserve  the  filtrate. 

558.  Estiination  of  Iron  and  Calcium. — If  the  quantity 
of  iron  present  is  too  large  to  be  estimated  colorimetrically  by 
the  above  directions  (556),  add  a  few  drops  of  strong  nitric 
acid  free  from  iron,  to  the  filtrate  from  the  silica  (557)} 
and  boU.  Then  add  a  little  ammonium  chloride  solution, 
and  a  slight  excess  of  anmionitmi  hydrate.  Filter  off  and 
ignite  the  ferric  hydrate,  and  weigh  the  iron  as  Fe203  (92). 

To  the  filtrate  sidd  excess  of  ammonium  oxalate  solution ; 
allow  the  liquid  to  stand ;  filter  off  and  ignite  the  calcium 
oxalate,  and  weigh  the  calcium  as  oxide  (109,  III). 

559.  Estimation  of  Magnesium. — Evaporate  the  filtrate 
from  the  calcium  oxalate  to  dryness.  Expel  the  ammonium 
salts  by  heat.  Dissolve  the  residue  in  hydrochloric  acid, 
sidd  water,  and  filter  if  necessary.  Then  add  a  moderate 
excess  of  ammonium  hydrate,  and  then  sodium  phosphate 
solution.  Filter,  wash  and  ignite  the  precipitate,  and  weigh 
the  magnesium  as  pyrophosphate  (130). 

56a  Estimation  of  Sulphate.— Acidify  500  cc  of  the 
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water  with  hydrochlorio  aoid,  and  evaporate  to  about  50  Co. 
Add  barium  chloride  solution  in  excess.  Filter  off,  ignite, 
and  weigh  the  precipitate  of  barium  sulphate  (96). 

561.  Estimation  of  the  Alkali-HetaLs. — Concentrate  a 
litre  of  the  water  bj  eyaporation  to  about  100  c.c.  Pre- 
cipitate the  sulphate  completely  with  barium  chloride  solu- 
tion. Filter,  and  boil  the  filtrate  with  milk  of  lime  in  order 
to  precipitate  the  iron  and  magnesium.  Filter  and  pre- 
cipitate the  barium  and  calcium  from  the  iGiltrate  by  adding 
excess  of  ammonium  hydrate,  then  ammonium  carbonate 
solution  and  a  few  drops  of  ammonium  oxalate  solution. 
Filter  and  evaporate  the  filtrate  to  dryness,  and  ignite  the 
residue  in  order  to  drive  off  ammonium  salts. 

Extract  the  residue  with  water,  filter  if  necessary,  and  add 
one  drop  of  ammonium  oxalate  solution  in  order  to  ascertain 
that  all  the  calcium  is  precipitated.  Filter  again,  if  neces- 
sary ;  acidify  with  hydrochloric  acid ;  evaporate  to  dryness 
in  a  weighed  dish;  ignite  gently;  and  weigh  the  alkaline 
chlorides  (358).  The  amount  of  potassium  chloride  and  of 
sodium  chloride  may  then  be  estimated,  if  necessary  (359). 


GENERAL  TIEMARTO  ON  THE  BEBULTS  OF  THE 
OHEMIOAL  EXAMINATION  OF  WATER. 


Note, — ^The  results  of  the  above  estimations  are  expressed  in  parts 
per  100,000 :  they  can  be  converted  into  grains  per  gallon  by  being 
multiplied  by  07. 

562.  Total  Dissolved  Solid  (526).— Water  which  leaves 
a  large  residue 'on  evaporation  is  not  suitable  for  manu- 
facturing purposes,  since  its  use  leads  to  waste  of  soap  in 
washing,  and  produces  scale  in  steam-boilers.  Such  water 
is  not,  however,  necessarily  undesirable  for  use  as  drinking 
water. 

The  amount  of  dissolved  solids  present  in  water  depends 
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mainly  upon  the  nature  of  the  soil  through  which  the  water 
has  percolated.  Eiver-water  usually  contains  from  10  to  30 
parts  of  dissolved  matter  per  100,000.  Shallow  well-water 
may  contain  from  30  to  200  parts  or  even  more,  the  varia- 
tion in  this  class  of  waters  heing  very  great.  Deep  well- 
waters  may  contain  from  20  to  70  parts,  but  the  proportion 
varies  even  beyond  these  limits  in  some  cases. 

The  weight  of  total  solids  present  should  be  approximately 
equal  to  the  sum  of  the  weights  of  all  the  constituents 
estimated  separately. 

563.  The  Ammonium  Salts  (527)  present  m  water  are 
almost  invariably  of  animal  origin.  Their  presence  usually 
points  to  recent  sewage  contamination,  since  ammonia  is  one 
of  the  first  products  of  change  of  nitrogenous  animal  refuse. 
When  ammonia  is  present  in  water  which  contains  calcium 
or  magnesium  carbonates,  it  is  readily  oxidised  to  nitrite 
and  nitrate ;  hence  its  amount  is  reduced  by  keeping  the 
water,  and  it  should  therefore  be  estimated  as  soon  as  possible 
after  the  water  has  been  collected. 

The  amoimt  of  ammonia  which  is  present  as  anmionium 
salts  in  water  varies  greatly. 

Upland  SurfcLOMoaier  usually  contains  about  0*002  per 
100,000,  but  the  amount  may  exceed  0*008.  If  the  land 
through  which  the  water  passes  is  manured,  the  amount  of 
ammonia  may  rise  to  0*03  or  even  higher. 

SJudlow  WeU-water  may  be  free  from  ammonia,  or  may 
contain  any  amount  not  exceeding  about  2*5. 

Deep  WeU^ater  may  contain  as  much  as  0*1,  but 
frequently  contains  no  ammonia  at  all.  The  presence  of  a 
high  proportion  of  ammonia  in  a  deep  well-water  casts 
suspicion  on  the  water  if  the  albuminoid  ammonia  rises 
above  a  mere  trace,  or  if  any  appreciable  amount  of  oxygen 
is  required  in  the  permanganate  test. 

Spring-water  contains  but  little  anmionia,  seldom  more 
than  0*01 ;  the  average  amount  is  about  0*001. 


362 


WATKB  ANALYSIS. 


[664-^566, 


Sewage  may  contain  as  much  as  10  parts. 

As  a  rule,  it  may  be  stated  that  the  quality  of  the  water 
must  be  considered  suspicious,  if  the  water  contains  as  much 
as  0  01  of  ammonia  per  100,000. 

564.  Albuminoid  Ammoma,  as  has  been  already  ex- 
plained (535)1  gives  an  indication  of  the  amount  of  organic 
nitrogenous  matter  present  in  the  water.  It  should  not 
exceed  0*008  part  per  100,000,  although  in  special  cases  a 
larger  proportion  may  not  be  condemnatory. 

565.  Oxygen  Consumed  by  the  Organic  Matter(538). — 
The  relative  freedom  from  organic  impurity  may  be  judged 
from  the  results  of  the  permanganate  process,  by  the  follow- 
ing standards.  The  weight  of  oxygen  required  for  100,000 
parts  of  the  water  is  stated  in  the  Tabla 


Upland  Surface- 
water. 

Water  from  other 
sources. 

Water  of:— 
Great  purity, 
Medium  purity,    . 
Doubtful  purity,    . 
Impure, 

Nut  exceeding  O'l. 
From  0*1  to  0*8. 
From  0-3  to  0*4. 
Exceeding  0*4. 

Not  exceeding  0*05. 
From  0*05  to  0*15. 
From  0*15  to  0*2. 
Exceeding  0*2. 

566.  Chloride  (539)  is  usually  present  in  water  as  sodiiun 
chloride,  occasionally  as  chloride  of  calcium  or  of  some  other 
metal.  Sodium  chloride  may  occasionally  be  derived  from 
the  soil.  It  may  also  be  derived  from  sea-water,  which  has 
been  either  mixed  with  the  water  or  introduced  as  sea-spray. 
If  no  such  source  of  the  chloride  can  be  traced,  and  its 
quantity  exceeds  2  parts  per  100,000,  it  is  considered  to  be 
derived  from  urine. 

Main  water  usually  contains  sodium  chloride,  which  has 
been  derived  from  the  air. 

Spring  and  River  water^  if  they  are  unpolluted  with 
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animal  refuse,  usually  contain  less  than  1  part  of  chlorine  as 
chloride  per  100,000. 

Shallow  WeU-waier  may  contain  almost  any  amount  of 
chloride,  the  proportion  depending  on  the  extent  to  which 
sewage  has  percolated  into  the  well. 

567.  Kitrite  (540),  if  it  is  present  in  any  appreciable 
quantity,  should  be  regarded  as  an  indication  of  comparatively 
recent  sewage  contamination.  Nitrite  is  readily  oxidised  to 
nitrate.  Both  nitrate  and  nitrite  are  innocuous,  but  they  are 
usually  oxidation  products  of  objectionable  organic  matter 
which  has  previously  been  present  in  the  water  (568). 

Nitrite  in  Deep  Well-uMxter  has  probably  been  produced 
by  the  deoxidation  of  nitrate.  When  nitrite  is  fo\md  in  deep 
well-water,  it  is  therefore  not  looked  upon  with  aa  much 
suspicion  as  when  it  is  found  in  Shallow  Wdl-wcUer  or  in 
Upland  SuTface-wcUeTj  unless  albtuninoid  ammonia  or  organic 
matter  is  also  present  in  appreciable  quantity. 

568.  Nitrogen  as  Nitrite  and  Nitrate  (541).— The  esti- 
mation of  the  nitrogen  present  as  nitrite  and  nitrate  is  of 
importance  for  the  following  reason. 

When  nitrogenous  organic  matter  is  fully  oxidised,  its 
nitrogen  remains  chiefly  in  the  form  of  nitrate  ;  but  nitrite 
is  also  occasionaUy  present  if  the  oxidation  is  incomplete. 
Thus,  the  presence  of  a  large  amoimt  of  nitrogen  as  nitrite 
and  nitrate  points  to  past  sewage  contamination.  This 
implies  that,  if  the  filtration  and  aeration  which  have  caused 
the  oxidation  of  the  organic  matter  should  fail,  there  will  be 
the  risk  of  recent  unoxidised  sewage  matter  being  present  in 
the  water.  Such  a  risk  is,  however,  practically  absent  in  the 
case  of  water  drawn  from  weU-constructed  deep  wells. 

Upland  Surface  water,  if  uncontaminated,  should  not  con- 
tain more  than  0*03  of  nitrogen  as  nitrate  and  nitrite  per 
100,000,  although  in  cultivated  districts  the  amount  may 
reach  1  part  per  100,000. 
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In  ShaUow  WeU-waUer  the  amount  of  oxidised  nitrogen 
varies  greatly. 

In  Deep  WeLl-foater  the  amount  of  oxidised  nitrogen  may 
rise  to  6  parts,  but  the  average  is  only  0*5. 

569.  The  Degree  of  Hardness  of  water  (545)  is  chiefly 
of  importance,  when  the  water  is  used  with  soap  for  cleans- 
ing or  for  manufacturing  purposes,  or  when  it  is  used  for 
generating  steam  in  steam-boilers. 

If  water  is  required  for  drinking  purposes,  its  hardness 
may  vary  from  2  to  50  parts  per  100,000.  Hardness  within 
these  limits  seems  to  have  no  effect  upon  the  health  of  the 
consiuners.  But  a  very  hard  water  is  not  suitable  for 
technical  purposes.  The  character  of  the  hardness  will 
depend  upon  the  nature  of  the  soil  with  which  the  water 
has  been  in  contact. 

Water  may  he  Softened  by  the  removal  of  its  temporary 
hardness.  This  is  usually  effected  by  Clark's  process. 
The  process  consists  in  adding  sufficient  milk  of  lime  to 
neutralise  the  carbonic  acid  which  is  in  the  water.  The 
calcium  hydrate  thus  added  is  precipitated  as  carbonate, 
together  with  the  dissolved  calcium  and  magnesium  car- 
bonates. Since  calcium  carbonate  is  soluble  to  a  small 
extent  in  water  free  from  carbonic  acid,  a  slight  degree  of 
hardness  remains  after  the  treatment  with  slaked  lime. 

It  has  been  found  that,  by  mixing  700  gallons  of  the 
water  with  one  ounce  of  quicklime  for  each  degree  of  tem- 
porary hardness  per  100,000,  a  good  result  is  obtained. 

For  technical  purposes,  both  the  temporary  and  permanent 
hardness  may  be  removed,  by  the  addition  of  a  mixture  of 
sodium  hydrate  and  sodium  carbonate.  The  removal  of 
calcium  salts  is  more  complete  if  solution  of  an  alkaline 
oxalate  is  added  in  slight  excess. 


PAKT  lY.-SECTION  XI. 


ANALYSIS  OF  FOOD,  TANNING  MATERIAL, 

AND  SOAP. 


581.  Xntroductory  Bemarks. — In  this  Section  certain 
processes  for  the  chemical  examination  of  Food  are  descrihed. 
Those  which  are  most  frequently  in  use,  and  are  more  or  less 
typical,  have  been  selected.  A  few  analyses  of  Technical 
Products  are  appended. 

For  fuller  information  on  analyses  of  this  nature,  the 
student  is  referred  to  the  following  books  : — 

Hassall's  Food  Analysis ;  Winter  Blyth's  Food  Analysis. 
Allen's  Commercial  Organic  Analysis. 
Hehner  and  Angel's  Butter  Analysis. 
Wanklyn's  Milk  Analysis. 
Procter's  Text-book  of  Tanning. 
Alder  Wright  on  Soap. 

The  Analyst ;  and  the  Analytical  Section  of  the  Journal 
of  the  Society  of  Chemical  Industry. 


Analysis  of  Milk. 

582.  The  constituents  which  are  usually  estimated  in  milk 
are  the  total  solids,  the  ash,  and  the  fat.  From  the  results 
thus  obtained  the  amounts  of  water  and  of  "  solids  not  fat " 
are  deduced.  The  casein  and  the  milk-sugar,  which  are  in- 
cluded in  the  latter  term,  are  rarely  estimated  separately. 
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Three  methods  for  estimating  the  fat  in  milk  are  described 
(585-590),  and  a  fourth  method  is  given  for  finding  the 
amount  of  fat  by  calculation  (591,  c). 

583.  Estimation  of  the  Total  Solids.— Mix  the  sample 
of  milk  well  by  shaking  it,  and  measure  5  c.c.  into  a  small 
flat-bottomed  platinum  dish,  whose  weight  is  known.  Then 
weigh  the  dish  with  the  milk  quickly,  in  order  to  ascertain 
the  weight  of  the  5  c.c.  of  milk. 

Evaporate  the  milk  to  dryness  upon  the  steam-bath, 
occasionally  drawing  aside  the  film  from  the  surface  by  a 
platinum  wire.  Transfer  the  dish  with  the  residue  to  the 
steam-oven,  and  continue  to  heat  it  until  its  weight  is  con- 
stant. About  three  hours  is  usually  necessaiy  to  complete 
this  process  of  drying. 

584.  Estimation  of  the  Ash. — Ignite  the  residue  in  the 
platinum  dish  (583)  over  a  Bunsen  or  Argand  flame,  at  a 
temperature  which  never  jeaches  visible  redness.  If  the 
temperature  of  ignijbion  is  too  high,  part  of  the  chloride  will 
be  volatilised.  Continue  the  ignition  until  all  the  volatile 
matter  has  been  driven  off,  and  the  carbon  has  been  com- 
pletely burnt ;  then  allow  the  dish  to  cool,  and  weigh  it. 

585.  First  Method  for  Estimating  Fat.— The  fat  is 
extracted  from  the  dry  residue  of  the  milk  (583)  by  ether, 
the  ether  is  removed  by  distillation,  and  the  residue  of  fat  is 
weighed. 

The  Process. — Mix  the  milk  well  by  shaking  it,  and  weigh 
10  c.c.  in  a  stoppered  weighing-bottle ;  then  pour  it  upon 
about  20  grams  of  washed  silver-sand  (Note)  or  of  anhy- 
drous plaster  of  Paris,  contained  in  a  porcelain  evaporating 
dish  about  3  inches  in  diameter. 

Note. — The  sand  should  hare  been  previoasly  freed  from  soluble 
matter,  by  treating  it  with  hydrochloric  acid  and  then  washing  it  with 
water. 

Place  the  dish  on  the  water-bath,  and  heat  it  until  the 
sand  is  diy,  stirring  continually  in  order  to  prevent  the 
formation  of  liunps. 
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The  fat  may  be  most  oonyeniently  removed  from  this  reeidae  by 
extractiiig  it  with  ether  in  the  Sozhlet  apparatus  (51B9).  The  following 
method  is  more  tedions. 

Transfer  the  residue  from  the  dish  to  a  wide-mouthed 
8-oz.  round  flask ;  detaching  the  last  portions,  if  necessary, 
hy  using  a  little  ether  and  a  glass  rod. 

Heat  the  residue  in  the  flask  with  about  50  c.c.  of 
anhydrous  ether.  For  this  operation  the  flask  should  be 
connected  with  a  reflux  Liebig-condenser,  so  that  the  ether, 
as  it  is  boiled  off,  may  be  condensed  and  caused  to  flow  back 
again  into  the  flask. 

After  the  ether  has  been  boiled  for  about  half  an  hour, 
pour  off  the  ethereal  extract  of  the  fat  through  a  dry  filter 
into  a  weighed  flask.  Repeat  these  operations  with  50  c.c. 
more  of  ether,  and  pour  the  ether  off  through  the  filter  into 
the  same  flask  as  before. 

Finally  wash  the  sand,  which  stiU  contains  a  little  fat, 
with  more  ether,  until  no  residue  of  fat  is  left  when  a  few 
drops  of  the  ether  are  evaporated  to  dryness  on  a  watch- 
glass.  Add  these  washings  to  the  ether-extract  which  is 
already  in  the  flask. 

Distil  off  the  ether  from  the  fat-extract,  as  far  as  possible, 
condensing  the  ether  vapour  by  means  of  a  Liebig-condenser. 
Remove  the  flask  to  the  water-bath,  and  heat  it  for  some  time ; 
finally  heat  it  in  the  steam-oven,  until  its  weight  is  constant. 

It  will  probably  be  found  oonyenient  to  distil  off  the  ether  from  the 
first  ethereal  eolation  of  fat,  as  soon  as  it  has  been  filtered  into  the  tared 
flask.  The  subsequent  extracts  and  washings  are  then  poured  into  the 
same  flask,  and  subjected  to  distillation  later  on. 

586.  The  Werner-Schmidt  Method  for  Estimatiiig 
Fat. — ^The  milk  is  mixed  with  hydrochloric  acid  and 
heated.  The  acid  attacks  the  casein,  which  incloses  the  fat- 
globules,  and  thus  renders  the  fat  easily  soluble  in  ether. 
Ether  is  now  added  and  the  liquid  is  vigorously  shaken. 
The  volume  of  the  ethereal  solution  is  noted  after  it  has 
risen  above  the  water.  An  aliquot  measured  part  of  this 
ethereal  solution  is  removed  into  a  small  weighed  dish,  and 
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the  ether  is  evaporated.  From  the  weight  of  fat  which  is 
thus  obtained,  the  whole  amount  of  fat  which  is  in  solution 
in  the  ether  can  be  calculated. 

Tfie  Process, — Mix  the  milk  well  by  shaking  it,  and  weigh 

accurately  about  10  grams  into  a  Schmidt-tube  (fig.  82),  which 

is  graduated  into  50  c.c.     Add  10  o.c.  of  strong  hydrochloric 

acid.     Close  the  bottle  with  a  cork,  and  heat  it  in 

the  water-bath  for  about  ten  minutes,  shaking  it 

■     occasionally.     The  liquid  will  become  dark  brown  in 

M.     colour,  owing  to  the  chemical  action  of  the  acid  upon 

^'     the  casein. 

Now  cool  the  liquid  rapidly,  by  holding  the  tube 
in  a  stream  of  cold  water.  When  it  is  perfectly 
cold,  fill  the  tube  to  the  50  c.c.  graduation  with 
ether,  which  has  been  freed  from  alcohol  by  wash- 
ing it  repeatedly  with  water.  Insert  the  cork,  and 
shake  the  liquid  rigorously  for  one  minute. 
Then  allow  the  ether  to  nse  to  the  surface. 
When  the  ether  has  separated,  a  small  layer  of 
undissolved  matter  will  be  seen  between  the  ethereal  and 
the  acid  portions  of  the  liquid.  Bead  off  the  volume  of  the 
ether  from  the  middle  of  this  layer  of  undissolved  matter  to 
its  upper  surface. 

Pour  off  rapidly  two  portions  of  the  ether  solution,  measur- 
ing approximately  10  c.c.  each,  into  separate  tared  porcelain 
dishes,  reading  the  volimie  of  each  portion  accurately  by 
difference.  Evaporate  these  to  dryness  on  the  water-bath. 
Then  remove  each  of  the  dishes  to  the  steam-oven,  and  heat 
it  until  its  weight  is  constant. 

The  percentage  of  fot  in  the  milk  is  calculated  from  the 
mean  of  the  weights  of  fat  which  are  obtained  in  these  two 
estimations. 

Example. — In  an  actual  estimation,  10  grams  of  milk  were  used. 
After  agitation  with  ether,  the  ethereal  solution  measured  28  cc 
The  evaporation  of  10  cc.  of  solution  yielded  0'124  gram  of  fat 

Hence  10  grams  of  the  milk  contained  ^'^^^  ^  ^^ = 0*847  gram  of  fat 
Therefore  the  milk  contains  8*47  per  cent  of  fat 


\^ 
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587.  Adams'  Method  for  Estiniatiiig  Fat. — According  to 
this  method,  a  known  weight  of  the  well-mixed  milk  is  ab- 
sorbed by  a  strip  of  filter-paper.  The  filter-paper  is  then 
dried,  and  the  fat  is  subsequently  removed  by  means  of  hot 
ether  in  an  extraction  apparatus.  The  resulting  ether  solu- 
tion is  distilled  in  order  to  remove  the  ether,  and  the  residual 
fat  is  weighed. 

This  process  possesses  the  advantage,  that  it  can  be  rapidly 
carried  out.  The  milk  residue  presents  a  very  large  surface 
to  the  solvent  action  of  the  ether :  hence  the  removal  of  the 
fat  is  quickly  and  completely  effected.  The  filter-paper  and 
the  extraction  apparatus,  which  are  required  for  this  process, 
are  described  below. 


58&  The  Filter-paper  Strip. — The  strip  is  22^  inches  long, 
and  about  2^  inches  wide.  The  exact  width  will  be  deter- 
mined by  the  dimensions  of  the  reservoir  of  the  Soxhlet 
extraction  apparatus  (fig.  83,  h).  The  strip  should  be  of 
such  a  width,  that  when  it  is  coiled  up  and  placed  in  the 
reservoir  of  the  Soxhle^apparatus,  it  reaches  nearly  to  the 
upper  bend  of  the  syphon-tube  (b). 

Paper  free  from  fat,  and  from  other  matter  soluble  in  ether, 
may  be  purchased  for  use  in  this  process.  A  strip  of  such 
paper  usually  contains  only  from  one  to  two  milligrams  of 
matter  soluble  in  ether,  but  this  should  be  removed  in 
accurate  analyses. 

If  Ordinary  Filter-paper  or  Blotting-paper  is  need,  it  will  con- 
tain matter  soluble  in  ether.  This  is  either  estimated  and  allowed  for  ; 
or  the  paper  is  freed  completely  from  matter  soluble  in  ether,  by  the 
treatment  which  is  described  in  the  NoUt  par.  590,  before  it  is  used 
in  the  process. 

If  the  fatty  matter  is  to  be  allowed  for,  the  loss  of  weight  which 
five  similar  strips  of  the  paper  suffer,  when  they  are  treated  with 
ether  in  a  Sozh let-apparatus  (589),  is  ascertained.  From  this  result 
the  average  weight  of  the  soluble  matter  in  one  strip  may  be 
calculated ;  and  this  weight,  which  usually  amounts  to  from  10  to 
12  milligrams,  is  subsequently  subtracted  from  the  weight  of  the  milk 
extract. 

2a 
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589.  The  Saxhiet  Extraction  Appamtut. — A  suitable  ex- 
tnctioD  apparatus  ia  shown,  read;  for  use,  in  fig.  S3. 

The  flask  (a)  contains  the  solvent  liquid.  The  neck  of 
this  flask  is  oonneoted  with  the  Soihlot-eitractor  (b,  e),  by 
means  of  an  ordinary  cork,  the  lower  end  of  the  extraotor 
b^g  pushed  through  a  perforation  in  the  cork.  Into  the 
upper  end  of  the  extraotor  another  cork  is  fitted,  through  a 
Fra.  8S. 


perforation  in  which  the  end  of  the  adapter  (d)  passes.  The 
adapter  is  a  conical  piece  of  giaaa  tube,  bent  as  is  shown  in 
the  figure ;  it  enables  the  Liebig-oondenser  (e)  to  be  attached 
to  the  extractor  at  a  convenient  angle. 

Iiut«(ul  of  ueing  the  adapter  and  Liebig's  coudenaer,  oneorthefonni 
of  Tortical  condenaeTS  may  b«  fitted  directly  into  the  cork  of  the  ai- 
tnctor  (fig.  ea,  p.  S88}. 

The  corks  which  are  used  in  this  apparatus  must  have 
been  previousl;  extracted  with  ether,  in  order  to  r 
matter  soluble  in  that  liquid. 
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The  requisite  quantity  of  ether  or  other  solvent  is  poured 
into  the  flask  (a),  and  the  paper,  or  other  substance  which  is 
to  be  treated  with  the  solvent,  is  placed  in  the  broad  central 
tube  of  the  extractor  {h,  e).  The  substance  should  not  reach 
higher  than  the  shaded  portion  in  the  figure :  it  is  usually 
placed  in  a  bag  made  of  filter-paper,  so  that  no  solid  matter 
can  find  its  way  into  the  reservoir,  and  thence  through  the 
side-tube  (6)  into  the  flask  (a). 

An  "Extractor  Thimble  "  can  now  be  purohased,  which  is  made  of 
fat-free  paper  in  a  size  and  shape  suitable  for  insertion  in  the  extractor. 
It  may  be  used  repeatedly  for  the  process  of  extraction. 

When  the  liquid  in  the  flask  (a)  is  boiled,  its  vapour  passes 
up  through  the  lower  central  tube,  and  thence  through  the 
side-tube  (c),  since  there  is  no  direct  communication  between 
the  reservoir  and  the  lower  central  tube.  The  vapour  then 
passes  into  the  condenser,  and  the  condensed  hot  liquid 
drops  back  from  the  adapter  {d)  upon  the  substance  in  the 
reservoir,  and  accumulates  in  the  reservoir. 

As  soon  as  the  liquid  reaches  the  level  of  the  upper  bend 
,  of  the  narrow  syphon-tube  (b),  which  commimicates  with  the 
bottom  of  the  reservoir,  it  fills  that  tube  and  syphons  over, 
and  thus  finds  its  way  back  again  to  the  flask  (a).  This 
process  will  repeat  itself,  as  often  as  the  liquid  collects  in 
the  reservoir  in  sufficient  quantity  to  reach  the  necessary 
level.  In  this  way  the  substance  is  constantly  brought  into 
contact  with  the  pure  hot  solvent;  and  the  matter  thus 
extracted  is  carried  by  the  solvent  into  the  flask  (a),  where 
it  will  gradually  accumulate. 

590.  Ths  Process  of  Eairaciing  the  Fat. — Place  one  of  the 
strips  of  filter-paper  (588)  upon  a  flat  surface ;  then  lay  along 
the  paper  a  piece  of  string  one  end  of  which  projects  six 
inches  beyond  the  end  of  the  paper.  Now  roll  the  paper 
up  into  a  coil,  keeping  the  string,  in  the  interior.  Tie  the 
free  end  of  the  string  roimd  the  paper-coil,  and  make  a  loop  in 
the  string,  by  means  of  which  the  coil  can  be  suspended  in 
the  extractor.     The  string  will  prevent  the  successive  coils  of 
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the  paper  from  touching  one  another,  and  will  cause  the 
whole  surface  of  the  paper  to  be  exposed  to  the  action  of  the 
solvent  during  the  process  of  extraction. 

Note, — If  the  paper-coil  and  BtriDg  are  Dot  already  free  from  fat, 
soap,  and  resin,  they  must  be  treated  as  follows.  Place  the  coil  and 
string  in  the  extractor  (fig.  83).  Half  fill  the  flask  (a)  with  ether, 
and  boil  the  ether  for  about  half  an  hour  by  heating  it  in  an  evapo- 
rating dish  containing  water.  Extinguish  the  heating  flame,  and 
then  take  out  the  paper-coil.  The  coil  will  now  be  free  from  all  matter 
soluble  in  ether,  and  will  be  ready  for  use. 

An  altematiye  method  is  given  in  par.  588,  whereby  the  extractive 
matter  is  estimated  and  is  allowed  for  in  the  fat-residue  at  the  end  of 
the  process. 

Mix  the  mUk  well  by  shaking,  determine  its  density 
(23-28),  and  take  out  5  c.c.  by  means  of  a  pipette.  Allow 
this  to  flow  slowly  over  the  coil  of  paper,  so  as  to  wet  the 
whole,  the  coil  meanwhile  being  suspended  on  a  glass  rod. 
Now  suspend  the  coil  in  the  steam-oven  for  about  an  hour, 
in  order  to  remove  the  water. 

The  following  method  of  preparing  the  paper-coil  for  extraction  is 
alBO  satisfactory.  Pin  the  end  of  one  of  the  paper  strips  to  the  edge  of 
the  bench,  so  that  the  strip  hangs  vertically  in  the  air.  Allow  5  c.c 
of  the  milk  to  drop  slowly  upon  the  paper  and  to  be  absorbed  by  it. 
Remove  the  last  portions  of  the  milk  from  the  point  of  the  pipette  by 
rubbing  the  point  against  the  dry  part  of  the  paper.  Allow  the  strip 
to  hang  until  it  is  quite  dry,  hastening  the  drying  process,  if  necessary, 
by  holding  the  strip  near  the  side  of  a  steam-oven.  Then  roll  the 
paper  into  a  coil,  and  treat  it  as  is  described  above. 

Next  place  the  diy  coil  in  the  Soxhlet-extractor ;  pour 
about  100  c.c.  of  anhydrous  ether  into  the  weighed  flask, 
and  heat  the  flask  in  a  small  dish  of  water  sufficiently  to  keep 
the  ether  boiling.  Maintain  the  heat  until  the  ether  has 
syphoned  over  from  the  extractor  at  least  twelve  times. 

If  any  suspended  matter  is  present  in  the  tared  flask,  the  ethereal 
solution  must  be  filtered  into  a  second  tared  flask ;  the  filter  is  then 
washed  with  ether,  and  the  washings  are  added  to  the  flask  before 
distilling  off*  the  ether.  If  the  paper-coil  is  placed  in  an  extraction- 
thimble  (589}  no  solid  particles  will  pass  into  the  flask. 
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Then  distil  off  the  ether  as  far  as  possible,  and  diy  the  fat- 
residue  by  heating  the  flask  upon  the  water-bath,  and  finally 
in  the  steam-oven.  As  soon  as  the  weight  of  the  flask  con- 
taining the  fat  is  constant,  the  amount  of  the  fat  is  found  by 
subtracting  the  weight  of  the  flask.  The  weight  of  the  5  c.c. 
of  milk,  which  contained  this  weight  of  fat,  is  calculated 
from  the  density  of  the  milk,  and  from  these  results  the 
percentage  of  fat  is  obtained. 

591.  The  Other  Principal  Constituents  of  the  Milk  are 

not  estimated  directly,  but  their  amounts  are  calculated  from 
the  results  already  obtained,  as  is  described  below. 

(a).  Estimation  of  Water. — The  water  in  the  milk  is 
estimated  by  difference.  The  percentage  of  milk  solids 
(583),  when  subtracted  from  100,  gives  the  percentage  of  water. 

(b).  Estimation  of  the  "Solids  not  Fat."— The  per- 
centage of  "  solids  not  fat "  is  obtained  by  subtracting  the 
percentage  of  fat  (585-590)  from  the  percentage  of  milk 
soHds  (583). 

(c).  Estimation  of  Fat  by  Calculation. — The  results 
which  have  been  obtained  by  the  direct  analysis  of  the  milk 
may  be  checked  by  an  indirect  method  of  calculation.  This 
is  based  upon  the  following  considerations. 

The  specific  gravity  of  milk  is  influenced  by  the  amoimts 
of  fat  and  of  "  solids  not  fat "  which  are  present,  the  former 
tending  to  lower  the  specific  gravity,  the  latter  to  raise  it. 
Several  formulae,  expressing  the  relation  of  the  quantity  of 
fat  to  the  specific  gravity  and  the  amount  of  total  solids, 
have  been  proposed. 

The  following  formula,  which  is  adapted  to  the  Adams 

process  of  fat  extraction,  has   been  given  by  Hehner  and 

Richmond : — 

F  =  (0-859  X  T)  -  (0-2186  x  G), 

in  which  F  represents  the  percentage  of  fat,  T  the  percentage 
of  total  solids,  and  G  the  nxmiber  by  which  the  specific 
gravity  of  the  milk  exceeds  the  specific  gravity  of  water, 
taken  as  1000.    In  the  case  of  a  poor -skimmed  milk,  a  cor- 
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rection  must  be  made,  by  subtracting  from  the  result  obtained 
by  the  above  formula  0'05  x  (  _.  _  2'5). 

Example. — ^Amilk  which  yielded  12'5  per  cent  of  total  solids,  andhad 
a  specific  gravity  of  1030,  would  contain  (12*5x0*859) -(0*2186x80) 
=4*88  per  cent,  of  fat. 

592.  Bemarks  on  the  Besnlts  of  Milk  Analysia — The 

results  of  the  analysis  of  milk  m&y  either  be  returned  as 
grams  per  100  cc,  or  as  percentage  weights.  If  the  percent- 
age weights  are  to  be  given,  the  specific  gravity  of  the  well- 
mixed  milk  at  1 5*^*5  C.  is  taken  (23-2$) ;  the  weights  of  the 
voliunes  of  milk  which  have  been  used  are  calculated  from  the 
specific  gravity  and  the  analytical  results  are  then  converted 
into  percentage  weights.  The  separate  portions  of  the  milk, 
which  are  used  in  the  analysis,  may  be  weighed  instead  of 
being  measured :  this  renders  the  determination  of  the 
specific  graTity  unneceaaary. 

The  most  common  adulterant  of  milk  is  water.  The 
addition  of  water  reduces  the  percentage  of  total  solids  in  the 
milk.  The  '^  solids  not  isA,  **  in  genuine  whole  milk  should 
not  be  less  than  8*5  per  cent.  This  number,  however, 
is  only  obtained  from  a  milk  of  poor  quality,  and  9  per  cent, 
is  sometimes  the  minimiun  limit  accepted. 

The  quality  of  the  milk  may  be  reduced  by  "  skimming," 
that  is  by  the  removal  of  fat  in  the  form  of  cream,  as  well  as 
by  the  decrease  in  the  amoimt  of  fat  and  other  solids  due  to 
"  watering."  The  amoimt  of  fat  present  in  milk  should  not 
be  less  than  3  per  cent.,  but  it  varies  with  the  season,  and 
the  method  of  feeding  the  cows. 

Taking  the  above  average  normal  percentages  of  "fot" 
and  of  "  solids  not  fat "  as  standards,  the  extent  of  adultera- 
tion with  water,  and  of  impoverishment  by  the  removal  of  fat, 
may  be  calculated  as  follows. 

If  a  is  the  percentage  of  "  solids  not  fat "  in  a  sample  of 
watered  milk,  then  the  percentage  of  pure  milk  present  will  be 
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100 

— —  X  a,    and    the    percentage    of    added    water  will  be 

100-1^. 

Also,  if  &  is  the  percentage  of  i&t,  the  number  of  grams  of 

fat  which  have  been  removed  by  skimming  100  grams  of  the 

3a 
milk,  whether  it  has  been  watered  or  not,  will  be  — -^  -  b  : 

and  the  percentage  deficiency  due  to  skimming  only  will  be 
X  -^.      The  whole  deficiency  of  fat  due  to  both 

skinmiing  and  watering,  stated  as  a  percentage  of  the  fat 
which  is  present  in  the  accepted  standard  milk,  will  be 

^  X 100. 
For  the  Average  Besults  of  analyaeB  of  Milk  refer  to  paragraph  767. 


(s%-') 


Analysis  of  Butter. 


593.  It  is  usual  to  estimate  in  butter,  the  water,  fat,  curd, 
and  salt.  In  case  the  butter  is  to  be  tested  for  foreign  fats, 
a  further  examination  is  necessary,  such  as  is  described  in 
paragraphs  59{H3oi. 

594.  Estimation  of  the  Water. — Weigh  out  accurately 
about  6  grams  of  the  butter  into  a  tared  dish ;  heat  it  in 
the  steam-oven,  or  better  in  an  air-oven  to  a  temperature 
of  110*  C,  \mtil  no  globules  of  water  can  be  seen  below  the 
fat,  and  until  the  weight  becomes  constant.  The  loss  of 
weight  represents  the  water. 

595.  Estimation  of  the  Curd  and  Salt. — Melt  the  diy 
butter  (594),  and  treat  it  with  about  10  c.c.  of  ether.  Pour 
off  the  ethereal  solution  through  a  tared  filter.  Treat  the 
residue  again  with  ether ;  then  transfer  it  to  the  filter  and 
continue  to  wash  it  with  ether,  until  a  few  drops  of  the  ether 
give  no  residue  when  they  are  evaporated  to  dryness  on  a 
watch-glafis.    Then  dry  the  filter  and  its  contents  in  the 
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Bteam-oven,  until  their  weight  becomes  constant.  The  weight 
of  the  residue  represents  the  quantity  of  curd  and  salt  in  the 
weight  of  butter  taken  (594)* 

The  ether  solution  may  be  reserved  for  the  direct  estima- 
tion of  the  fat  (597). 

596.  Estimation  of  the  Ash.  —Transfer  the  dried  filter 
and  its  contents  (595)  to  a  weighed  platinum  crucible,  and 
ignite  them  at  as  low  a  temperature  as  possible,  xmtil  the 
residue  is  white  in  colour  and  its  weight  is  constant. 

llie  residue  should  consist  almost  wholly  of  salt.  In  order 
to  ascertain  if  this  is  the  case,  dissolve  it  in  water  and  titi-ate 
the  solution  with  standard  silver  nitrate  solution,  as  is 
described  in  paragraph  304. 

597.  Estimation  of  the  Fat. — ^The  fat  may  be  estimated 
either  by  difference  or  directly.  The  estimation  by  difference 
is  the  more  exact  method. 

If  the  fat  is  to  be  estimated  by  difference,  its  percentage 
is  found  by  subtracting  the  sum  of  the  percentages  of  water, 
curd,  and  ash  (594,  595)  from  100. 

If  the  fat  is  to  be  estimated  directly,  the  ethereal  solution 
and  washings  from  par.  595  are  transferred  to  a  weighed 
flask,  and  the  ether  is  distilled  off  as  far  as  possible.  The 
flask  containing  the  residue  of  fat  is  then  heated  for  some 
time  on  the  water-bath,  and  is  finally  dried  in  the  steam-oven 
until  its  weight  is  constant. 

598.  Remarks  on  the  Besults  of  Batter  Analjrsis. — 

Hehner  states  that  the  percentage  of  water  present  in  well- 
made  butter  of  good  quality  is  not  as  a  rule  more  than  13,  or 
less  than  11.  A  proportion  exceeding  17  per  cent,  would 
indicate  either  careless  making  or  intentional  adulteration. 

The  percentages  of  curd  and  salt  together  should  amoimt 
to  about  2*5  per  cent.:  and  although  this  weight  may  be 
considerably  higher,  it  should  never  reach  8  per  cent. 

The  fat,  which  averages  from  85  to  87  per  cent.,  should 
never  fall  below  80  per  cent. 

For  the  Besiilts  of  AnalygeB  of  Batter  refer  to  paragraph  768. 
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Detection  of  Foreign  Fats  in  Butter. 

Three  methods  for  detecting  the  adulteration  of  butter  by 
foreign  fats,  and  for  ascertaining  the  extent  of  the  adidtera- 
tion,  are  given  below. 

They  are  Reichert's  method  (599),  Hehner's  method  (600), 
and  Koettstorfer's  method  (601).  The  degree  of  rancidity 
of  butter  may  also  be  estimated  by  the  last-named  method, 
as  is  explained  in  par.  602. 

599.  Beichert's  Method  of  Detecting  Foreign  Fats  in 
Butter. — This  method  is  based  upon  the  fact,  that  genuine 
butter-fat  furnishes  more  than  4  per  cent,  of  volatile  fatty 
acids ;  whereas  other  fats  either  furnish  no  volatile  acid,  or 
else  a  veiy  much  less  proportion  than  butter  does. 

A  modification  of  Reichert's  original  method  is  described 
below,  and  a  further  modification  described  on  page  379  will 
be  found  to  render  the  process  more  simple  and  rapid  in 
execution. 

The  following  preliminary  preparations  are  necessary. 

(a).  Caustie  Soda  Solution, — Dissolve  50  grams  of  caustic 
soda  in  50  c.c.  of  water,  let  the  liquid  stand  xmtil  it  is  clear 
and  then  decant  it.  This  solution  will  be  free  from  car- 
bonate, since  sodium  carbonate  is  quite  insoluble  in  a  solution 
containing  50  per  cent  of  sodium  hydrate. 

(b).  Dilute  Sidphuric  Add  of  such  strength  that  5  c.c.  are 
more  than  sufficient  to  neutralise  1  '5  c.c.  of  the  above  caustic 
soda  solution. 

(c).  Deepnormdl  Solution  of  Barium  Hydrate, — This 
solution  is  preferred  for  the  final  titration  of  the  volatile 
fatty  acids,  since  it  can  contain  no  soluble  carbonate.  Car- 
bonate, if  present,  would  evolve  carbon  dioxide  during  the 
titration  with  acid,  and  this  would  seriously  interfere  with 
the  accuracy  of  the  process. 

(d).  Preparation  of  "Butter-Fat" — Prepare  some  butter- 
fat,  free  from  moisture,  salt,  and  curd,  in  the  following  way 
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Melt  some  of  the  butter  in  a  small  beaker  on  the  water- 
bath.  When  the  fat  is  clear,  pour  it  off  through  a  dry  filter- 
paper  which  is  supported,  without  a  funnel,  in  another  small 
beaker  upon  the  water-bath.  Care  must  be  taken  that  none 
of  the  water,  from  beneath  the  fat^  is  poured  upon  the  filter, 
and  the  filtered  liquid  fat  must  be  perfectly  clear  and 
transparent.  The  butter  which  has  been  prepared  in  this 
way  will  be  termed  "  butter-fat,"  in  order  to  distinguish  it 
from  the  unclarified  butter. 

Process  of  Estimation, — Weigh  out  2*5  grams  of  the 
cold  "  butter-fat "  (d)  into  a  dry  flask,  which  is  capable  of 
« holding  about  200  c.c.  Add  about  10  c.c.  of  alcohol,  and 
then  1*5  c.c.  of  the  solution  of  caustic  soda  (a).  At  once 
close  the  flask  with  a  rubber  stopper,  and  gently  shake 
the  contents  until  they  have  become  quite  clear.  Allow  the 
mixture  to  stand  at  a  gentle  heat  for  about  ten  minutes  in 
order  to  complete  the  saponification. 

Now  remove  the  rubber  stopper,  and  replace  it  by  a  per- 
forated cork,  bearing  a  short  piece  of  narrow  glass  tubing 
open  at  both  ends.  Then  heat  the  flask  upon  the  water- 
bath,  so  as  to  evaporate  the  alcohol.  The  narrow  glass  tube 
prevents  the  entry  of  any  carbon  dioxide  from  the  air,  the 
absorption  of  which  would  ultimately  lead  to  the  result 
obtained  being  too  high. 

When  the  alcohol  has  been  driven  off,  add  70  c.c.  of  boil- 
ing distilled  water,  which  has  been  freed  from  carbon  dioxide 
by  being  boiled  for  at  least  twenty  minutes,  and  once  more 
close  the  flask  by  the  rubber  stopper.  As  soon  as  the  soap 
has  been  dissolved  by  the  hot  water,  add  5  c.c.  of  the 
dilute  sulphuric  acid  (b).  Shake  the  contents  of  the  flask 
well,  drop  a  few  pieces  of  broken  clay-pipe  into  the  flask,  and 
distil  through  a  Liebig-condenser  at  such  a  rate,  that  50  c.c 
of  distillate  are  collected  in  about  a  quarter  of  an  hour.  It 
is  important  that  this  distillation  should  not  actually  begin 
until  the  fatty  acids  in  the  flask  are  melted  to  a  clear 
yellowish  oily  fluid. 

Filter  the  acid  distillate   through  a  filter-paper,   which 
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has  previously  been  well-washed  with  distilled  water  freed 
from  carbonic  acid  by  boiling.  Then  wash  the  filter  until 
it  is  free  from  acid,  and  titrate  the  well-mixed  filtrate  and 
washings  with  the  deci-normal  baryta  solution  (c),  using 
phenol-phthalein  (228)  as  an  indicator. 

If  the  butter-fat  is  genuine,  the  50  c.c.  of  distillate  will 
usually  require  for  neutralisation  about  13  c.c.  of  the  deci- 
normal  barium  hydrate  solution :  the  quantity  will  rarely  be 
less  than  12*5  c.c.  Butter  made  from  the  milk  of  single 
cows  not  unfrequently  gives  lower  results,  especially  when 
the  cows  are  near  the  end  of  their  period  of  lactation.  On 
the  other  hand,  butters  produced  in  Egypt,  Australia,  and 
New  Zealand  usually  require  from  15  to  16  c.c. 

Every  sample  of  market-butter,  which  has  been  made  from 
the  mixed  milk  of  a  number  of  cows  and  requires  less  than 
12 '5  c.c,  should  therefore  be  looked  upon  with  suspicion ;  and 
if  the  suspicious  result  obtained  by  this  method  is  confirmed 
by  other  means,  the  adulteration  of  the  sample  is  proved. 

The  volatile  acid  contained  in  the  50  c.c.  of  distillate  repre- 
sents almost  accurately  83  per  cent,  of  the  total  quantity  of 
volatile  fatty  acids  contained  in  the  butter-fat.  Hence  by 
multiplying  the  number  of  c.c.  of  deci-normal  solution  used 
for  2*5  grams  of  butter-fat  by  the  factor  0*424,  the  percentage 
of  total  volatile  acids  present,  calculated  as  butyric  acid 
(C4Hg02),  is  approximately  obtained. 

The  above  factor  is  derived  thus : — Since  the  molecular  weight  of 
bntyrio  acid  is  88,  each  c.c.  of  deci-normal  baryta  solution  corresponds 
to  0*0088  gram  of  butyric  acid  :  and  since  2*5  grams  of  batter-fat  were 

used,  the  percentage  of  butyric  acid^n  x  (  0*0088  x-^x40)  =  nx 
0*424,  where  n  is  the  number  of  c.c.  of  baryta  solution  used. 

The  Process  is  more  Eapid  and  Simple  if  it  is  modified 
as  follows. 

Caustic  Soda  Solution. — Dissolve  50  grams  of  caustic  soda 
ill  water,  dilute  the  solution  to  100  c.c,  and  filter  it  through 
a  toughened  filter.  Add  this  to  500  grams  of  pure  glycerine, 
apd  stir  well, 


380  BUTTER  ANALYSIS.  [599, 

Process  of  Estimation. — Weigh  5  grams  of  the  butter-fat 
into  a  wide-mouthed  flask,  add  10  c.c.  of  the  glycerine  solu- 
tion, and  heat  it  by  means  of  a  small  flame  until  frothing 
ceases  and  the  solution  becomes  clear.  Allow  the  liquid  to 
cool  somewhat,  and  then  add  95  c.c.  of  freshly-boiled  dis- 
tilled water  very  gradually,  constantly  shaking  the  liquid  in 
order  to  prevent  loss  by  frothing. 

Now  add  50  c.c.  of  normal  sulphuric  acid  (235),  drop  in 
some  pieces  of  pumice,  connect  the  flask  with  a  condenser, 
and  conunence  the  distillation  as  soon  as  the  layer  of  fatty 
acids  has  become  quite  clear.  The  process  of  distillation  has 
been  already  described  on  page  378. 

Collect  110  c.c.  by  distillation ;  filter  off  100  c.c.  of  this  dis- 
tillate through  a  diy  filter,  and  titrate  the  acid  in  this  filtrate 
by  deci-normal  barium  hydrate  solution  (c),  using  phenol- 
phthaleiu  as  an  indicator  (228).  Add  to  this  result  one- 
tenth  of  the  number  of  c.c.  of  barium  hydrate  solution  used. 

Process  of  CcUctdation.^^lt  N  represents  the  number  of  c.o. 
of  deci-normal  barium  hydrate  solution  which  are  required  for 
the  neutralisation  of  the  distillate  from  the  butter-fat,  and  n 
represents  the  volume  in  c.c.  of  the  standard  barium  hydrate 
solution  required  by  the  distillate  in  a  blank  estimation, 
then,  since  5  grams  of  normal  butter-fat  require  26  c.c,  the 

(1)  Percentage  of  foreign  fats= — "oa^      x  100. 

This  formula  assumes  that  no  volatile  fatty  acids  are  present 
in  margarine.  But  if  ^= number  of  c.c.  of  standard  barium 
hydrate  solution  which  are  required  to  neutralise  the  volatile 
fatty  acids  in  5  grams  of  margarine,  then  the 

(2)  Percentage  of  foreign  fat=:^^"^^  "^^  x  100. 

According  to  the  statement  on  the  next  page,  y  varies  between 
0-4  and  3'2 ;  accordingly,  if  first  3*2  and  then  0*4  is  substi- 
tuted for  y  in  the  above  formula,  the  extreme  quantities  of 
foreign  fat,  which  can  be  present,  will  be  found.  The  higher 
figure,  3 '2,  alone  is  usually  taken  for  the  calculation. 
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Advlteration  with  Foreign  FaU. — The  following  state- 
ment shows  that  the  volatile  fatty  acids,  which  are  derived 
from  equal  weights  of  other  ordinary  fats,  require  a  far 
smaller  volume  of  the  standard  alkali  to  neutralise  them  than 
is  the  case  with  butter-fat. 

The  volume  in  c.o.  of  deci-normal  barium  hydrate  solution, 
which  is  required  for  neutralising  the  volatile  fatty  acids 
from  5  grams  of  the  following  fats,  is  for 


Genuine  butter-fat,  . 

.       26  to  28-64 

Cocoa-nut  fat,  . 

7-2 

Beef-fat,  . 

0-6 

Lard, 

0-6 

Margarine, 

0-4  to  3-2 

The  numbers  for  the  other  fats  differ  so  widely  from  that 
obtained  for  butter-fat,  that  they  furnish  a  means  not  only 
of  detecting  the  admixture  of  foreign  fats  with  the  butter, 
but  of  calculating  its  amount,  as  is  described  on  page  380. 

In  calculating  the  percentage  amoimt  of  adulteration  in 
the  butter-fat,  it  is  usual  to  take  the  lowest  number  of  c.c. 
required  by  5  grams  of  genuine  butter,  26,  and  the  highest 
number,  3*2,  required  by  margarine.  This  has  been  done  in 
drawing  out  the  formulse  on  the  preceding  page. 

6oo.  Hehner'8  Method  of  Betectiiig  Foreign  Fats  in 
Batter. — This  method  depends  upon  the  fact,  that  butter- 
fat  contains  a  smaller  proportion  of  fatty  acids  insoluble  in 
water  than  other  fats  do.  Hence,  by  estimating  the  amount 
of  insoluble  fatty  acids  in  a  sample  of  butter,  the  presence  of 
foreign  fats  may  be  detected,  and  the  proportion  in  which 
they  are  present  may  be  calculated. 

The  Process, — Prepare  from  the  butter  some  "  butter-fat " 
free  from  moisture,  curd,  and  salt  (599>  <^)-  Then  weigh 
accurately  about  4  grams  of  this  butter-fat  into  an  evaporating 
dish,  about  6  inches  in  diameter.  Fuse  the  fat  on  the  water- 
bath,  and  add  from  5  to  10  o.c.  of  a  saturated  solution  of 
potassium  hydrate  in  alcohol.    The    fat  will  be  rapidly 
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aaponified.     Now  add  a  few  drops  of  water,  and  if  any  h,t 
separates  out,  add  more  alcohol  and  continue  the  heating. 

Dilute  the  soap-solution  thus  formed  with  water,  and  then 
boil  it  down,  until  the  smell  of  alcohol  is  no  longer  perceptible. 
Dissolve  the  soap,  which  will  have  partly  separated  out^  in 
water ;  and  add  dilute  hydrochloric  acid  until  the  solution 
strongly  reddens  litmus-paper.  Then  heat  the  dish  for  about 
half  an  hour  on  the  water-bath.  The  fatty  acids  will  form 
an  oily  layer  above  the  aqueous  solution,  which  should  itself 
be  almost  clear. 

Separation  and  Washing  of  the  Fatty  Adds. — Now  rinse 
out  a  "  butter-flask  "  (fig.  84),  of  about  1  litre  capacity,  with 
hot  water,  and  transfer  the  fatty  acids  together  with  the 
liquid  to  the  flask,  reserving  the  dish.     Allow  the  aqueous 
liquid   to  flow  away  by  opening   the  stop-cock 
(a),  leaving  the  melted  fatty  acids  in  the  flask. 
Pour  hot  water  into  the  flask,  and  shake  it  well 
with  the  fatty  acids;  then  allow  the  water  to 
flow  away  again.     Repeat  this  process  of  wash- 
ing until  the  washing-water  is  no  longer  acid  in 
reaction. 

Now  carefully  open  the  stop-cock,  and  allow 
the  fatty  acids  to  just  reach  the  lower  end  of 
the  tube  (a),  and  remove  the  drop  of  water  from 
beneath  the  fat  by  touching  it  with  filter-paper. 
Then  allow  the  whole  of  the  fat  to  flow  into  a 
weighed  glass  dish.  Kinse  out  the  dish,  which 
was  used  for  the  saponification,  with  a  little  ether.  Pour  this 
liquid  into  the  butter-flask,  and  after  shaking  it  roimd  in  the 
flask,  allow  it  to  flow  through  the  tube  (a)  into  the  weighed 
dish.  Rinse  the  butter-flask  twice  with  fresh  small  portions  of 
ether,  and  add  these  to  the  liquid  in  the  glass  dish.  Evapo- 
rate the  ether  by  gentle  heat,  heat  the  dish  containing  the 
residue  in  the  steam-oven  for  a  short  time,  and  then  cool  it. 
If  a  drop  of  water  is  seen  beneath  the  fat,  cut  out  a  circular 
piece  of  fat  with  a  sharp  pen-knife,  so  as  to  be  able  to  reach 
the  water  and  absorb  it  by  a  piece  of  filter-paper.     Then  plaoe 
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the  dish  in  the  water-oven,  heat  it  for  two  hours,  and  weigh 
it  when  it  is  cold.  Repeat  these  processes,  until  the  diifer- 
ence  between  two  consecutive  weighings  amounts  to  1  or  2 
milligrams  only ;  the  fat  may  then  be  considered  as  dry,  and 
the  final  weighing  may  be  taken  as  correct. 

The  Presence  of  Admixed  Foreign  Fats  may  be  ascertained, 
and  their  amoimt  may  be  found,  from  the  percentage  of 
insoluble  fatty  acids  which  is  thus  obtained. 

Since  animal  fats  contain  on  the  average  95*5  per  cent, 
of  insoluble  fatty  acids,  and  butter-fat  contains  on  an  average 
only  87 '5  per  cent,  (see  Note),  100  parts  of  foreign  fat  contain 
8  parts  of  insoluble  fatty  acids  more  than  100  parts  of  butter 
do.  Hence  if  (a)  represents  the  percentage  of  insoluble  fatty 
acids  found,  then  the  amount  of  foreign  fat  present  in  100 

parts  of  the  butter-fat  =  ^^^(^-^'^'5)  =  i2-5(a  -  87-5). 

8 

Example. — In  a  particular  estimation  the  batter-fat  contained 
98*5  per  cent,  of  insoluble  fatty  acids ;  hence  the  amount  of  adul- 
teration in  100  parts  of  the  fat=12-5(93-5  -  87'5)=12-5  x  6=75.  But 
the  batter  sample  contained  15  per  cent,  of  water,  curd,  and  salt, 
and  85  per  cent  of  butter-fat :  therefore  the  percentage  of  adulteration 

in  the  butter =^^ — --=63*75,  and  the  percentage  of  real  butter  pres- 

100 

ent=86'25. 

Note. — Although  the  percentage  of  insoluble  fatty  acids  in  butter  is, 
as  a  rule,  87*5,  genuine  butter  has  been  found  to  contain  88*5,  and 
even  89  per  cent. 

6oi.  Koettstorfer's  method  of  detecting  Foreign  Fats 

in  Butter. — This  method  depends  upon  the  great  difference 
between  the  molecular  weights  of  different  fatty  acids.  This 
difference  is  made  evident,  when  the  weight  of  each  acid 
which  is  required  to  neutralise  a  certain  weight  of  potassium 
hydrate  is  determined. 

While  the  molecular  weights  of  the  fskttj  acids  derivable 
from  most  natural  fats  are  high,  and  do  not  differ  widely  one 
from  another,  there  is  present  in  butter  some  quantity  of 
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fatty  aoids  of  comparatively  low  molecular  weight,  containing 
not  more  than  ten  atoms  of  carbon  in  their  molecules. 

Hence  the  alkali-neutralising  power  of  a  certain  weight  of 
butter  will  be  greater  than  that  of  an  equal  weight  of  any 
other  natural  fat ;  and  the  neutralising  power  of  equal  weights 
of  different  samples  of  butter  will  be  diminished  by  the  pres- 
ence of  foreign  fats  in  the  butter-fat. 

The  method  founded  on  the  above  facts  is  simple  and  is 
rapidly  carried  out.     The  solutions  required  are  the  following. 

(a).  Alcoholic  SoliUion  of  Potassium  HydrcUe. — Thirty- 
two  grams  of  caustic  potash  are  dissolved  in  a  litre  of  94  per 
cent,  alcohol.  Since  this  solution  is  subject  to  change  by 
oxidation,  it  should  be  prepared  in  small  quantity  only,  and 
must  not  be  stored  for  any  length  of  time.  It  must  be 
titrated  with  standard  acid  each  time  it  is  used. 

(b).  Semi-Normal  Hydrochloric  Add  Solutiony  made  by 
diluting  normal  hydrochloric  acid  solution  (240)  with  its  ow^ 
volume  of  water. 

(c).  Phenol-phthalein  Solution:  very  dilute  solution  in 
alcohol  (228). 

The  Process  of  Estim^ation, — The  butter  is  first  purified 
by  fusion  and  filtration  (599,  d). 

About  3  grams  of  this  "  butter-fat "  are  accurately  weighed 
into  a  flask  holding  about  250  c.c. ;  25  c.c.  of  the  potassium 
hydrate  solution  (a)  are  then  added,  and  the  contents  of  the 
flask  are  heated  for  about  fifteen  minutes  under  a  reflux 
condenser.  Complete  saponification  is  thus  effected.  A  few 
drops  of  the  phenol-phthalein  solution  (c)  are  then  added, 
and  the  free  alkali  is  titrated  with  the  hydrochloric  acid  solu- 
tion (b).  The  change  of  colour  to  yellow  sharply  indicates 
the  end  of  the  reaction. 

Meanwhile  25  c.c.  of  the  alcoholic  potash  solution  (a)  are 
treated  in  precisely  the  same  way  as  is  described  above,  and 
are  finally  titrated  with  the  standard  acid. 

The  difference  between  the  number  of  c.c.  of  acid  which 
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have  been  required  in  these  two  titrations  is  taken  as  repre- 
senting the  volume  of  semi-normal  potassium  hydrate  solu- 
tion, which  has  been  neutralised  hy  the  fatty  acids  of  the 
butter-fat  used  in  the  experiment.  This  number  of  c.c.  is 
multiplied  by  0*028,  in  order  to  obtain  the  weight  of  potas- 
sium hydrate  which  has  been  neutralised  by  the  butter-fat. 
From  this  result  the  number  of  milligrams  of  potassium 
hydrate,  which  would  be  neutralised  by  1  gram  of  the  butter- 
fat,  is  calculated. 

When  pure  butter-fat  is  treated  in  this  way,  it  gives  a 
number  between  221 '5  and  233.  Both  oleo-margarine  and 
lard,  the  common  adulterants  of  butter,  give  about  195*5. 

If  the  number  which  is  yielded  by  a  sample  of  butter-fat 
is  below  221*5,  the  butter  has  been  adulterated.  The  pro- 
bable percentage  amount  of  adulteration  can  be  calculated 
from  the  statement  (227*25 -n)  x  3*17;  in  which  n  is  the 
number  obtained  from  the  sample  analysed,  and  227*25  is 
the  mean  number  for  pure  butter-fat. 

Example.— In  a  particular  estimation,  1*76  grams  of  the  butter-fat 

were  used. 
The  blank  titration  of  25  c.c.  of  the  KHO  solution  required  20*4 

C.C.  of  standard  acid. 
The  titration  of  25  c.c.  of  the  KHO  solution,  which  had  been  heated 

with  the  butter-fat,  required  6*0  c.c.  of  acid. 
Therefore  the  fatty  acids  were  equivalent  to  20*4  -  6*0  =  14*4  c.c.  of 

semi-normal  acid,  and  would  therefore  neutralise  14*4  c.c.  of 

semi-normal  EHO  solution. 

14*4 
One  gram  of  the  butter-fat  would  therefore  neutralise  .——=8*18 
**  1*76 

cc.   of  semi-normal  KHO  solution,   which  would  contain 

8*18  X  0*028  =  229*04  milligrams  of  EHO. 

And  since  1  gram  of  pure  butter-fat  neutralises  from  221  to  233 

milligrams  of  KHO,  the  sample  of  butter  under  examination 

was  not  adulterated  with  foreign  fats. 

662.  Estimation  of  Rancidity  in  Batter. — A  modification  of  the  above 
method  offers  a  means  of  determining  the  degree  of  rancidity  in  butter,  by 
estimating  the  amount  of  free  acid  present  in  it.  From  3  to  10  grams 
of  the  **  butter-fat "  (599,  d)  are  weighed  into  a  flask  of  about  50  cc. 
capacity.  Some  ether  is  then  freed  from  acidity,  by  adding  first  some 
phenol-phthalein  solution  (60Z,  c),  and  then  the  alcoholic  caustic  potash 
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solution  (6oz,  a)  until  the  red  colour  is  juBt  pennanent  This  ether  is 
then  shaken  with  the  butter-fat  in  sufficient  quantity  to  dissolye  it.  The 
acid  in  the  butter-fat  solution  is  then  titrated  with  the  alcoholic  potash 
solution,  the  yalue  of  which  has  been  ascertained  by  means  of  semi- 
normal  hydrochloric  acid  (6ox,  b). 

The  number  of  c.c.  of  normal  potash  solution  required  by  100  grams 
of  palatable  rancid  butter-fat  yaries  from  1  to  8,  giWng  an  ayerage 
of  4.  In  exceptional  cases  15,  26,  and  eyen  41*6  c.c  haye  been 
required,  but  this  last  number  corresponds  to  an  intolerable  degree 
of  rancidity. 


Partial  Analysis  of  Bbbr,  Wins,  and  Spirits. 

603.  The  estimations  which  are  usiially  made  in  the 
chemical  examination  of  a  sample  of  beer  are  those  of 
alcohol,  acidity,  and  of  the  total  matter  which  is  in  solution 
in  the  beer. 

The  nitrogen  present  in  the  albuminoid  matters  may  be 
determined  by  means  of  the  Kjeldahl  process  (663)  in  the 
residue  left  on  evaporation ;  the  weight  of  nitrogen  multiplied 
by  6 '25  gives  the  weight  of  albuminoids. 

For  excise  purposes  it  is  necessary  to  ascertain  the  "  original 
gravity  "  of  the  beer.  This  indicates  the  relative  amount  of 
solid  matter,  which  was  in  solution  in  the  ''  wort "  before  it 
was  fermented. 

In  examining  spirits  it  is  usually  only  necessary  to  estimate 
the  amount  of  alcohol  present,  in  order  to  detect  dilution 
with  water.  The  estimation  of  alcohol  in  spirits  is  simplified 
by  the  fact  that  they  contain  very  little  dissolved  matter. 
In  the  case  of  beer  and  wine  the  presence  of  much  dissolved 
matter  renders  distillation  advisable,  as  is  explained  below 

(605). 

604.  Estimation  of  the  Alcohol  in  Spirits. — Take  the 
specific  gravity  of  the  spirit  at  16** -5  C.  Then  boil  down  a 
measured  volume  of  the  spirit  to  one-third,  so  as  to  remove 
the  alcohol.  Cool  the  residue  and  make  it  up  to  its  original 
volume  with  distilled  water.  Mix  this  liquid  well,  and  then 
take  its  specific  gravity  at  1 5*'6  C.     The  specific  gravity  which 
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the  Bpirit  would  possesB,  if  it  were  deprived  of  ite  disBolved 
matter,  can  then  be  calculated  bj  adding  1  to  the  specific 
gravity  of  the  spirit,  and  subtracting  From  this  the  specific 
gtavity  which  haa  been  found  for  the  diluted  residue.  From 
the  result  thus  obtained  the  proportion  of  alcohol  in  the 
spirit  can  be  found  hj  reference  to  the  Alcohol  Tables 
(779.780). 

Eiuilple.  —  A  umple  of  brandy  gave  a  apacific  gravity  of 
O'05S28  ;  tbe  dilnted  regidu*,  which  was  left  after  boiling  down  tha 
brandj  to  one-third  its  volume,  gave  a  specilic  gravitj  ot  I'O0S2S. 
Hence  the  ipecific  gravlt;  of  the  brandy,  if  it  were  daprived  of  its 
dissolved  solid  matter,  wonld  be  1-S&52S  - 1-00328  =  0-05200.  From 
the  Alcohol  Tables  it  is  foimd  that  this  specific  gravity  indicates  the 
presence  of  3S  per  cent  by  weight  o[  alcohol  in  the  brandy. 

605.  EfltimatJon  of  the  Aloohol  in  Be^  and  Wine. — 
A  volume  of  about  750  o.c.  of  the  liquid  is  freed  from  the 
greater  part  of  the  carbon  dioxide  which  is  dissolved  in  it. 


For  this  purpose  the  liquid  may  be  filtered ;  or  it  may  be 
"tossed,"  by  pouring  it  backwards  and  forwards  from  one 
vessel  to  another. 
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The  liquid  is  tbea  distilled,  either  in  a  flask  attached  to 
an  ordinary  Liebig-condenaer,  or  in  the  apparatus  which  is 
BhowQ  in  fig.  85.  A  vertical  condenser  with  a  glass  spiral 
inner-tube  sealed  into  a  broad  glass  jacket  (fig.  86)  is  now 
frequently  used  iu  place  of  the  older  metal  still. 

The  app»T«tii8  with  metal  condenger  (tig.  SG)  conaiBls  of  t  fluk  about 
1  litre  iu  capacity,  upon  the  neck  of  which  ia  cemented  a  brass  tube 
beariug  a  acrew-thrcad  on  its  oataide.  This  fits  into  a  screw,  which  is 
on  the  interior  of  a  brass  cap  counected  with  the  condendsg-tube.     A 


rtibber  washer,  which  is  inserted  between  the  top  of  the  flask  aod  the 
under  surface  of  tbe  cap,  causes  the  connection  of  the  flask  with  the 
conden sing-tube  t«  be  perfectly  air-tight  when  it  is  screwed  up. 

In  tbe  centre  of  the  figure  is  seen  the  metal  condensing-boi,  and  to 
tbe  ieft  tbe  flash  for  receiving  the  distillate.  A  cork,  pierced  with  two 
holes,  is  fitted  into  tbe  neck  of  this  flask.  Through  one  hole  passes  the 
tube  conveying  the  distillate ;  through  tbe  other  ia  fitted  a  doubly  bent 
tube,  ths  lower  bend  of  which  ii  closed  by  a  globule  of  mercury  in 
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order  to  prevent  the  loss  of  alcohol  vapour  by  dififusion.  The  cold  water 
supply  for  condensing  the  spirit,  and  the  overflow  of  heated  water,  are 
conveyed  by  tabes  which  are  seen  at  the  back  of  the  condenser. 

The  Process  of  Estimation. — Measure  250  c.c.  of  the 
"  tossed  "  liquid  into  the  distillation-flask.  Connect  the  flask 
with  the  condenser  and  receiver.  Then  heat  the  flask  with 
the  flame  of  an  Argand-bumer,  until  it  boils  gently. 

When  about  two-thirds  of  the  liquid  have  distilled  over, 
transfer  the  distillate  to  a  measuring-flask,  make  it  up  to  the 
original  volume  of  the  liquid  with  distilled  water,  and  mix 
well.  Then  take  the  specific  gravity  of  this  liquid  at  16** '5 
C,  either  by  direct  weighing,  or  by  means  of  a  delicate 
hydrometer  (23-28). 

The  amount  of  proof-spirit,  or  of  absolute  alcohol,  which 
is  present  in  the  liquid,  may  then  be  ascertained  by  reference 
to  the  Alcohol  Tables  (779,  780)  in  which  the  specific  gravity 
of  water  is  taken  as  1000. 

The  residual  liquid  in  the  distillation-flask  is  allowed  to 
cool;  it  is  then  diluted  to  the  original  volume,  and  its  specific 
gravity  is  taken  at  15" '5  C.  The  number  thus  obtained  is 
used  in  calculating  the  ** original  gravity"  of  the  beer. 

606.  Estimation  of  the  ''  Original  Gravity  "  of  Beer.— 
As  has  been  already  explained,  the  "  original  gravity  "  of  a 
beer  is  the  gravity  of  the  wort  from  which  the  beer  has  been 
prepared. 

During  the  process  of  fermentation  of  the  wort,  a  portion 
of  the  saccharine  matter  is  converted  into  alcohol  with 
evolution  of  carbon  dioxide.  Consequently  the  beer  has  a 
lower  specific  gravity  than  the  wort  from  which  it  has  been 
brewed. 

In  order  to  determine  the  original  gravity  of  the  wort, 
the  alcohol  is  separated  from  the  beer  by  distillation,  and  the 
specific  gravity  of  the  distillate  is  determined  as  is  directed 
above  (605).  The  gravity  of  the  wort,  which  would  be 
required  to  produce  a  liquid  of  this  specific  gravity,  is  then 
ascertained  by  reference  to  Table  I,  below,  in  which  the 
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degree  of  "spirit  indication"  is  the  diflference  between  1000 
and  the  specific  gravity  of  the  alcoholic  distillate  (sp.  gr.  of 
water  =1000). 

The  number  thus  obtained  is  then  added  to  the  specific 
gravity  of  the  liquid,  which  was  produced  by  diluting  the 
residue  left  in  the  distillation-flask  (605)  to  250  c.c.  The 
resulting  number  represents  the  original  specific  gravity  of 
the  wort. 

Table  I. — Spirit  Indication^  with  corresponding  Degrees  of 
Gravity  lost  in  Malt  Worts,  by  the  "  Distillation  Process." 


Degrees  of 
Spirit 

0-0 

01 

0-2 

0-3 

0-4 

0-5 

0-6 

0*7 

0-8 

0-9 

Indication. 

0 

... 

0-3 

0-6 

0-9 

1-2 

1-5 

1-8 

21 

2*4 

2-7 

1 

S-0 

3-8 

3-7 

4-1 

4*4 

4*8 

61 

6-6 

6-9 

6*2 

2 

6-6 

7-0 

7-4 

7-8 

8-2 

8-6 

9-0 

9-4 

9*8 

10*2 

3 

10-7 

11-1 

11-6 

12-0 

12*4 

12-9 

133 

13-8 

14*2 

14-7 

4 

16-1 

16-6 

160 

16-4 

16-8 

17-3 

17-7 

18*2 

18*6 

191 

6       - 

19-6 

19-9 

20-4 

20-9 

21-3 

21-8 

22-2 

22*7 

23-1 

23*6 

6 

241 

24-6 

26-0 

25*6 

26-0 

26*4 

26*9 

27*4 

27*8 

28*3 

7 

28*8 

29-2 

29-7 

80-2 

80-7 

81-2 

31*7 

82-2 

32*7 

SS-2 

8 

33-7 

84-3 

84-8 

36-4 

36-9 

866 

87-0 

87*6 

380 

88-6 

9 

39-1 

89-7 

40-2 

40-7 

41*2 

41-7 

42-2 

42*7 

43*2 

43*7 

10 

44-2 

44-7 

461 

46-6 

46-0 

46-6 

47*0 

47*5 

48*0 

48*6 

11 

49-0 

49-6 

50-1 

60-6 

1  61-2 

51-7 

62-2 

62*7 

63*3 

63-8 

12 

64*3 

64-9 

66-4 

66*9 

66-4 

66*9 

67*4 

57-9 

68-4 

68-9 

IS 

69-4 

60-0 

60-5 

Oil 

61-6 

62-2 

62*7 

63-3 

63-8 

64-3 

14 

64-8 

66-4 

66-9 

66-5 

67-1 

67  6 

68-2 

68-7 

69-3 

69-9 

16 

70-5 

711 

71-7 

72-3 

72-9 

73-6 

741 

,  74*7 

75-3 

76-9 

16 

78-5 

•  •• 

•  •• 

•  •• 

■  ■« 

■  ■■ 

«•• 

1 

•  a* 

•  •• 

•  •• 

The  acidity  which  has  been  produced  during  fermentation, 
is  estimated  and  allowed  for  as  follows. 


The  acidity  of  the  tossed  beer  is  ascertained  by  titrating 
100  c.c,  or  more  correctly  100  grams,  of  the  beer  with 
semi-normal  sodium  hydrate  solution,  using  litmus-paper  as 
an  indicator.  From  this  result  the  amount  of  acetic  acid 
present  is  calculated,  assuming  that  each  c.c.  of  the  semi- 
normal  sodium  hydrate  solution  corresponds  to  0*03  gram  of 
acetic  acid;  O'l  per  cent,,  which  represents  the  average  acidity 
of  the  unfermented  wort,  must  be  subtracted  from  the  result 
t.hus  obtained. 
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Tablb  II. — For  Ascertaining  the  Value  of  the  Acetic  Acid, 


Excess  per 

Corresponding  Degrees  of  "  Spirit  Indication." 

cent  of 
Acetic  Acid 

in  tlie  Beer. 

000 

0-01 

0-02 

008 

0-04 

006 

0-06 

0*07 

0*08 

0*09 

0-0 

•  •■ 

0-02 

0-04 

0-06 

0-07 

0*08 

009 

0-11 

0*12 

0-18 

01 

0-14 

016 

0-17 

0-18 

0-19 

0-21 

0*22 

0-23 

0*24 

0*26 

0-2 

0-27 

0-28 

0-29 

0-31 

0-32 

0-83 

0-34 

0-36 

0*37 

0-38 

0-8 

0*39 

0-40 

0*42 

0-48 

0-44 

0-46 

0-47 

0*48 

0*49 

0*61 

0*4 

0-62 

0-53 

0-66 

0*56 

0-67 

0-69 

0-60 

0-61 

0*62 

0*64 

0-6 

0-65 

0-66 

0-67 

000 

070 

0*71 

0-72 

0-73 

0-76 

0-76 

0-6 

0-77 

0-78 

0-80 

0-81 

0*82 

0-84 

0-86 

0-86 

0*87 

0-89 

0-7 

0-90 

0-91 

0-93 

0*94 

0-96 

0-97 

0-96 

0-99 

1-00 

1*02 

0-8 

1-08 

1-04 

1-06 

107 

1*08 

1*09 

1-10 

111 

113 

1*14 

0-9 

116 

116 

118 

1*19 

1*21 

1*22 

1-28 

1-26 

1-26 

1-28 

10 

1-29 

1-81 

1-33 

1-36 

1-36 

1-37 

1-38 

1-40 

1*41 

1-42 

The  following  statement  illustrates  the  method  of  cal- 
culating the  "original  gravity"  of  a  sample  of  beer. 

Example. — If  the  specific  gravity  of  water  be  taken  as  1000,  the 
gravity  of  the  distillate  will  be  less  than  1000  ;  suppose  it  to  be 
989*38.  This  number  is  deducted  from  1000,  and  furnishes  the 
"spirit  indication,"  which  in  this  case  is  10*67.  On  referrii^g  to 
Table  I.,  it  will  be  seen  that  the  corresponding  number  is  47 '35. 
This  represents  the  number  of  degrees  of  gravity  which  were  lost  in 
the  production  of  the  spirit  during  the  fermentation  of  the  wort. 

If  the  specific  gravity  of  the  diluted  residue  from  the  distillation 
was  1023*42,  and  no  acid  was  detected  in  the  beer,  the  original 
gravity  of  the  beer  would  be  1023 '42 +  47 -36  =  1070 -77. 

Suppose,  however,  that  the  acidity  was  such,  that  100  grams  of  the 
beer  required  11  c.c.  of  semi-normal  NaHO  for  neutralisation ;  then 
the  percentage  of  acid,  calculated  as  acetic  acid,  would  be  11  x  0*03  — 
0*38.  But  the  average  percentage  of  acidity  in  unfermented  wort 
amounts  to  0*1  per  cent.,  therefore  0*23  only  of  the  acid  will  be  due  to 
oxidation  of  the  alcohol.  Referring  to  Table  II.,  it  is  seen  that  the 
spirit  indication  corresponding  to  0*23  of  acid  is  0*81,  therefore  the 
total  spirit  indication  will  be  10*67 +  0*31  =  10 '98.  On  referring  to 
Table  I.,  it  will  be  seen  that  the  gravity  lost  by  the  formation  of 
alcohol  in  the  beer  corresponding  to  this  number  is  48*9.  Hence  the 
original  gravity  would  be  1023*42  +  48*9-1072*32. 
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Analysis  of  Sugar. 

In  the  chemical  examination  of  sugar,  four  estimations  are 
usually  made ;  they  are  those  of  moisture,  ash,  cane-sugar, 
and  invert-sugar  or  glucose.  Moist  brown  sugar  will  be 
found  the  most  suitable  kind  of  sugar  to  use  for  practice  in 
the  methods  of  analysis. 

607.  Estimation  of  Moisture. — Weigh  out  accurately  about 
4  grams  of  the  sugar  in  the  watch-glasses  with  clip ;  and  heat 
this  in  the  steam-oven,  until  its  weight  becomes  constant. 

608.  Estimatioii  of  Ash. — Transfer  the  dried  sugar  (607), 
little  by  little,  to  a  platinum  crucible ;  and  incinerate  each 
part,  as  it  is  added,  at  as  low  a  temperature  as  possible. 
The  mass  will  fuse  and  swell  as  the  heating  proceeds,  and 
care  must  be  taken  that  it  is  not  allowed  to  pass  over  the 
edge  of  the  crucible. 

When  the  charred  mass  has  assumed  the  appearance  of 
coke,  gently  stir  it  from  time  to  time  with  a  thick  platinum 
wire  or  spatula,  or  with  a  thin  glass  rod,  so  as  to  assist 
the  combustion  of  the  carbon ;  adding  finely  powdered 
ammonium  nitrate,  if  necessary,  in  order  to  facilitate  the 
process.  As  soon  as  the  ash  is  free  from  black  particles, 
allow  the  crucible  to  cool,  and  weigh  the  ash. 

609.  Estimation  of  the  Sugar. — The  process  which  is 
described  below  depends  upon  a  chemical  reaction.  It 
should  be  stated,  however,  that  the  most  accurate  estimation 
of  sugar  is  made  by  means  of  the  polariscope. 

Before  the  cane-sugar,  Ci2H220ji,  is  estimated  chemically, 
it  is  usually  converted  into  glucose,  CgHjgO^j,  by  digesting  it 
with  a  dilute  acid :— CigHgaO^  +  H2O  =  2Cq11^2% 

The  glucose  is  then  estimated  by  heating  it  with  an  alka- 
line solution  of  copper,  known  as  Fehling-solution.  The 
blue  colour  of  this  solution  disappears  during  the  reaction, 
while  red  cuprous  oxide  is  precipitated.     The  process  is  some- 
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times  made  a  volumetric  one,  by  adding  the  sugar  solution  in 
quantity  just  sufficient  to  remove  the  blue  colour  and  to  com- 
pletely precipitate  the  copper  from  the  Fehling-solution. 
Another  method  consists  in  causing  the  sugar  to  act  upon  an 
excess  of  Fehling-solution,  and  then  either  weighing  the  CugO 
as  such,  or  after  oxidation  to  CuO  or  reduction  to  Cu. 

Allowance  must  be  made  in  calculating  the  result,  for  the 
increase  of  weight  which  the  cane-sugar  has  undergone  by 
its  combination  with  the  elements  of  water. 

In  practice  the  glucose  which  was  originally  present  in 
the  sugar  is  first  estimated.  The  total  amount  of  glucose, 
including  that  derived  from  the  conversion  of  cane-sugar 
and  that  which  was  originally  present  in  the  sugar,  is  then 
determined.  The  difference  between  these  two  estimations 
gives  the  amount  of  glucose,  which  has  been  derived  from 
the  conversion  of  the  cane-sugar. 

It  should  be  noted  that  solutions  containing  from  0*5  to 
1  per  cent,  of  glucose  give  the  most  consistent  and  accurate 
results  in  this  process  of  estimation.  If  the  preliminary 
analyses  show  that  the  solution  is  much  weaker  or  much 
stronger  than  this,  the  amount  of  sugar  in  solution  should  be 
altered  accordingly. 

Estimations  of  sugar  by  the  Fehling-solution  only  yield 
constant  results,  or  become  comparable  with  one  another,  when 
the  process  is  carried  out  under  precisely  similar  conditions. 
The  reaction  which  occurs  is  modified  by  altered  conditions. 

6lO.  Preparation  of  the  FehUng-Solution, — Weigh  out 
69*28  grams  of  pure  recrystallised  copper  sulphate.  Dissolve 
this  in  water,  adding  a  few  drops  of  H2SO4  if  the  solution  is 
not  perfectly  clear.  Add  to  this  a  solution  containing  350 
grams  of  Rochelle  salt  and  100  grams  of  sodium  hydrate. 
Make  the  mixed  solutions  up  to  1  litre,  and  use  25  c.c.  of 
this  Fehling-solution  for  each  estimation. 

The  Fehling-solution,  as  thus  prepared,  gradually  undergoes 
chemical  change  and  alters  in  strength  when  it  is  kept.  This 
change  may  be  obviated  by  dissolving  the  copper  sulphate  in  a 
litre  of  water,  and  dissolving  the  Rochelle  salt  and  the  sodium 


394  SUGAK  ANALYSIS.  [611, 


hydrate  in  another  litre  of  water.  These  liquids  are  kept  in 
separate  bottles,  and  25  c.c.  of  each  of  the  solutions  are 
mixed  together  immediately  before  they  are  used. 

As  a  rule,  25  c.c.  of  the  original  Fehling-solution,  or  50 
c.c.  of  the  mixed  solutions,  correspond  to  0*25  gram  of 
glucose ;  but  it  is  always  necessary  to  standardise  the  solu- 
tion, in  order  to  ascertain  its  exact  sugar-value,  unless  one 
of  the  gravimetric  methods  described  in  par.  6l2  is  used. 

6ll.  Standardisation  of  the  Fehling-Solution, — In  order 
to  standardise  the  solution,  weigh  out  5  grams  of  pure 
crystallised  cane-sugar.  Place  it  in  a  flask  with  about  100 
c.c.  of  water  and  10  c.c.  of  strong  hydrochloric  acid,  and  heat 
to  70'  C.  for  ten  minutes,  in  order  to  convert  the  cane-sugar 
into  glucose.  Neutralise  the  cold  liquid  with  sodium  hydrate 
solution,  and  make  it  up  to  500  c.c.  with  distilled  water. 

Fill  a  burette  to  the  zero  mark  with  this  sugar  solution. 
Measure  25  c.c.  of  the  Fehling-solution  into  a  flask ;  or,  if 
the  copper  and  caustic  soda  solutions  are  kept  in  separate 
bottles,  mix  together  25  c.c.  of  each  of  them  in  the  flask. 
Make  up  the  solution  to  200  c.c.  with  water,  and  add  the 
sugar  solution  from  the  burette  in  portions  of  about  5  c.c. 
Heat  the  liquid  by  immersing  the  flask  in  boiling  water  for 
two  minutes  after  the  addition  of  each  portion  of  the  sugar 
solution.  As  soon  as  the  deep  blue  colour  of  the  copper 
solution  begins  to  fade,  add  the  sugar  solution  cautiously, 
still  heating  the  liquid,  and  place  the  flask  upon  a  white 
surface  in  order  to  judge  the  colour. 

As  the  final  disappearance  of  the  blue  colour  approaches, 
the  red  precipitate  of  Cu^O  somewhat  obscures  the  colour 
of  the  copper  solution.  If,  however,  a  few  seconds  are 
allowed  for  the  subsidence  of  the  precipitate,  and  the  flask  is 
slightly  tilted,  the  colour  of  the  solution  will  be  readily  seen. 

The  exact  point  of  complete  precipitation  of  the  copper  is 
readily  ascertained,  even  if  the  liquid  is  coloured  by  the  pre- 
cipitate, by  placing  two  drops  of  it  upon  a  white  tile  by  means 
of  a  glass  rod,  and  adding  to  one  of  them  a  drop  of  potassium 
ferrocyanide  solution  which   has  been  mixed   with  about 
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thirty  times  its  volume  of  dilute  acetic  acid  (1  :  6).  If 
any  copper  is  still  present  in  the  solution,  the  colour  of  the 
drop  will  become  more  brown.  The  cautious  addition  of  the 
sugar  solution,  followed  by  boiling,  must  be  continued  until 
this  coloration  is  not  produced  by  the  ferrocyanide,  and 
the  two  drops  remain  of  the  same  tint. 

Now  ascertain  the  strength  of  the  Fehling-solution  with 
greater  accuracy,  by  repeating  the  titration,  and  adding  nearly 
the  whole  of  the  requisite  quantity  of  the  sugar  solution  at 
once  within  half  a  c.c.  Heat  the  liquid  in  boiling  water  for 
two  minutes,  and  finally  add  the  sugar  solution  very 
cautiously  to  this,  heating  again  after  the  addition.  Two 
such  titrations  should  not  differ  by  more  than  one-fifth  of  a 
c.c.  It  is  necessary  to  carry  out  this  final  titration  rapidly, 
in  order  to  minimise  the  oxidation  which  occurs  by  contact 
with  the  air ;  and  it  is  always  preferable,  if  great  accuracy  is 
required,  to  arrange  for  a  final  titration,  in  which  practically 
the  whole  of  the  sugar  solution  is  added  at  once.  The 
strength  of  the  solution  is  stated  in  terms  of  glucose. 

6l2.  Estimation  of  the  "Invert  Siigar,''  or  Glneose, 
originally  present  in  the  Sugar. — Dissolve  10  grams  of  the 
sugar  in  water,  and  make  the  solution  up  to  200  c.c.  Fill 
a  burette  to  zero  with  this  solution.  Then  measure  out  either 
25  c.c.  of  the  Fehling-solution,  or  25  c.c.  of  each  of  the  separate 
solutions  (6lo),  into  a  flask,  and  dilute  to  200  c.c.  Titrate 
by  adding  the  sugar  solution  to  the  Fehling-solution  (6ll). 

If  the  amount  of  glucose  present  is  very  small,  only  5  c.c. 
of  Fehling-solution,  or  10  c.c.  of  the  mixed  solutions,  should 
be  used. 

The  percentage  weight  of  glucose,  present  in  the  sugar,  can 
be  readily  calculated  from  the  result  thus  obtained,  since  the 
glucose-value  of  the  Fehling-solution  is  known. 

Gravimetric  MethodB. — Instead  of  titrating  the  sugar,  the  amount 
may  be  estimated  by  adding  the  Fehling-solution  in  excess  to  a 
portion  of  the  sugar  solution  containing  not  more  than  0*25  gram  of 
glucose,  heating  the  liquid  in  boiling  water  for  ten  minutes,  and 
filtering.  The  cuprous  oxide  is  then  weighed  as  such  (1),  or  it  is 
reduced  to  metallic  copper  by  heating  it  in  a  stream  of  dry  hydrogen  and 
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the  copper  is  weighed  (2),  or  the  cuprous  oxide  is  oxidised  and  weighed 
as  cupric  oxide  (8).  The  process  of  weighing  as  cuprous  oxide  is  the 
most  rapid  one  of  these  three. 

The  analyst  should  first  determine  the  relation  between  the  weight  of 
sugar  and  the  weight  of  cuprous  oxide  which  it  can  precipitate.  This 
will  involve  making  preliminary  experiments  on  the  process  with  a 
known  weight  of  pure  cane-sugar  which  has  been  inverted.  The 
generally  accepted  factors  for  dextrose,  levulose,  or  galactose  are  as 
follows:— For  CuaO,  0*6045;  for  CuO,  0-4586;  and  for  Cu,  0*6684. 
The  result  of  the  determination  multiplied  by  the  appropriate  factor 
should  give  the  corresponding  weight  of  glucose.  But  these  factors 
vary  somewhat  with  differences  in  manipulation,  and  are  therefore 
best  determined  by  each  analyst. 

In  carrying  out  this  gravimetric  method,  SO  c.c.  of  the  copper  solu- 
tion (6zo)  are  mixed  with  80  c.c.  of  the  tartrate  solution  and  with 
60  C.C.  of  water  in  a  beaker.  This  liquid  is  heated  by  immersing  the 
beaker  in  boiling  water.  Twenty-five  c.c.  of  the  sugar  solution,  which 
must  not  contain  more  than  0*26  gram  of  glucose,  are  then  heated  to  boil- 
ing and  added  to  the  liquid  in  the  beaker,  and  the  beaker  is  heated 
in  the  boiling  water  for  ten  minutes  longer.  The  liquid  is  then  quickly 
filtered  through  a  weighed  asbestos  filter  (see  Note  and  par.  804), 
using  the  filter-pump,  and  the  cuprous  oxide  is  well  washed  on  the 
filter  with  boiling  water,  and  is  either  weighed  as  such  (1)»  or  after 
reduction  (2)  or  oxidation  (8). 

(1)  If  the  cuprous  oxide  is  to  be  weighed  as  such,  it  is  washed  at  once 
with  alcohol,  then  with  ether,  and  is  finally  dried  in  the  steam-oven 
and  weighed  in  the  filter-tube. 

(2)  If  the  cuprous  oxide  is  to  be  reduced,  it  is  treated  as  above  (1), 
but  is  finally  heated  in  the  filter- tube  in  a  stream  of  dry  hydrogen  or 
of  coal-gas  ;  the  residual  copper  is  allowed  to  cool  in  a  stream  of  gas, 
and  is  weighed  in  the  tube. 

(8)  If  the  cuprous  oxide  is  to  be  oxiduted,  it  is  heated  in  the  filter- 
tube  in  a  stream  of  air  or  of  oxygen  before  it  is  weighed. 

NoU, — ^The  asbestos  filter  is  prepared  in  a  hard  glass  tube  (fig.  78, 
p.  292)  by  passing  down  to  the  bottom  of  the  broader  part  a  tightly- 
fitting  disc  of  fine  platinum  gauze,  or  a  disc  of  platinum  foil  which  has 
been  perforated  by  a  pin  or  needle  all  over  its  surface.  Some  asbestos  is 
broken  up  into  a  creamy  mass  in  water  and  is  poured  into  the  tube, 
after  it  has  been  connected  with  the  filter- pump.  A  felted  layer  of 
asbestos,  about  an  eighth  of  an  inch  thick,  is  thus  formed  on  the 
platinum.  The  asbestos  film  is  treated  successively  with  dilute  acid 
and  with  caustic  alkali  solution.  It  is  then  well  washed  with  hot 
water,  then  with  a  little  alcohol,  and  then  with  a  little  ether ;  the  tube 
and  filter  are  finally  dried  in  the  steam-oven  and  weighed.  An  ordinary 
filter-paper  always  retains  some  copper  derived  from  the  solution, 


613.]  CANE-SUGAR  BY "  FEHLING-SOLUTION.  397 

613.  Estimation  of  the  Cane-sugar. — Weigh  out  1  gram 
of  the  cane-sugar  accurately,  and  dissolve  it  in  water  in  a 
flask.  Dilute  the  solution  to  about  100  c.c.  with  distilled 
water,  and  add  10  c.c.  of  strong  hydrochloric  acid.  Heat  the 
liquid  to  70°  C.  for  ten  minutes,  then  neutralise  it,  filter  if 
necessary,  make  it  up  to  200  c.c,  and  estimate  the  glucose 
by  means  of  the  Fehling-solution,  as  is  described  above  (611, 
612). 

Subtract  the  percentage  of  glucose  already  found  (6l2) 
from  the  percentage  calculated  from  the  present  estimation. 
The  percentage  of  glucose  derived  from  the  cane-sugar  is  thus 
obtained. 

From  this  the  percentage  weight  of  cane-sugar  can  be  cal- 
culated. For  since  the  relative  weights  of  cane-sugar,  and 
of  the  glucose  which  it  ^rnishes  by  inversion,  are  342  :  360 ; 
it  follows  that,  if  the  weight  of  the  glucose  found  is  multi- 

342 
plied  by  ^—.  or  by  0*95,  the  weight  of  the  cane-sugar,  from 

which  the  glucose  has  been  derived,  will  be  obtained. 

Example. — In  a  volumetric  estimation  of  the  amount  of  glucose  and 
cane-sugar  in  a  sample  of  moist-sugar,  the  following  results  were 
obtained. 

For  the  estimation  of  the  original  "Invert  Sugar  ^  10  grams  of  the 
sugar  were  dissolved  in  water,  and  the  solution  was  made  up  to  200  cc. 

Twenty-five  o.c.  of  Fehling-solntion,  equal  to  0*25  gram  of  glucose, 
required  60  cc.  of  the  sugar  solution. 

Hence  the  percentage  of  the  "invert-sugar"  =??!^^??ii^?-^=8-88. 

For  the  estimation  of  the  TotcU  Sugar ,  the  solution  of  2  grams  of 
the  sugar  was  inverted,  then  neutralised  and  made  up  to  200  cc. 

Twenty-five  cc  of  Fehling-solution  required  27*5  cc  of  this  sugar 
solution. 

Therefore  the  total  percentage  of  sugar,  as  glucose,  = ^ — -^- 

=90-91. 

Hence  the  percentage  of  glucose  equivalent  to  the  cane-sugar = 
90'91-8'83=82'58;  and  the  percentage  of  cane-sugar =82 '58x0 '9 5 
=  78-45. 
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Partial  Analysis  op  Tba. 

614.  The  value  of  tea  depends  upon  its  natural  quality, 
and  upon  its  freedom  from  adulteration.  The  following 
estimations  should  be  made  in  order  to  enable  a  judgment 
to  be  formed  on  these  points. 

615.  Estimation  of  Water. — Weigh  out  accurately  about 
3  grams  of  the  powdered  tea  in  the  watch-glasses  with  clip. 
Heat  this  in  the  steam-oven,  until  its  weight  is  constant. 

616.  Estimation  of  Ash.— Incinerate  the  dried  tea  (615), 
little  by  little,  in  a  weighed  platinum  capsule  or  crucible 
(fig.  49,  p.  65),  at  as  low  a  temperature  as  possible,  and 
weigh  the  ash.  The  total  amount  of  ash  thus  obtained 
should  not  exceed  6  per  cent. 

Then  add  water  to  the  ash,  and  boil.  Filter,  and  wash  the 
residue.     Ignite  this  dry  residue,  and  weigh  it 

From  these  two  determinations,  the  relation  between  the 
soluble  and  the  insoluble  matter  in  the  ash  is  calculated. 
This  relation  furnishes  a  valuable  indication  of  the  adultera- 
tion of  tea  with  spent  tea-leaves,  since  fresh  tea-leaves 
contain  a  large  proportion  of  soluble  mineral  matter,  which 
is  dissolved  out  of  the  leaf  during  the  "  mashing."  The  ash 
of  fresh  tea-leaf  always  contains  more  than  50  per  cent,  of 
soluble  matter. 

617.  Estimation  of  Tannin. — Extract  about  10  grams 
of  the  tea  by  boiling  it  repeatedly  with  fresh  portions  of 
water.  Make  up  the  clear  extract  to  a  litre,  and  estimate 
the  tannin  which  it  contains,  as  is  described  under  the  assay 
of  sumach  (623).  The  amount  of  tannin  usually  varies  from 
12  per  cent,  in  black  tea  to  18  per  cent,  in  green  tea,  but 
higher  proportions  occur  in  tea  from  certain  sources. 

618.  Estimation  of  Theine. — ^The  value  of  tea  depends 
largely  upon  the  amount  of  theine  which  it  contains.  Pro- 
ceed to  estimate  the  theine  as  follows. 
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Extract  about  6  grams  of  the  tea  with  successive  small 
portions  of  boiling  water,  allowing  ten  minutes  for  each 
"mashing,"  and  mix  these  extracts.  A  Soxhlet  extractor 
(589)  may  be  used  for  the  extraction.  Dilute  the  liquid 
with  water  to  600  c.c,  heat,  add  about  4  grams  of  powdered 
lead  acetate,  and  boil  the  liquid  with  a  reflux-condenser  for 
ten  minutes.  Filter  off  500  c.c.  through  a  dry  filter, 
evaporate  to  about  50  c.c,  add  a  little  sodium  phosphate 
solution,  and  filter.  Transfer  the  filtered  liquid  to  a  small 
flask,  add  chloroform,  connect  the  flask  with  a  reflux-con- 
denser, and  extract  for  two  hours. 

Then  separate  the  chloroform  solution,  pour  it  through  a 
dry  filter  into  a  tared  flask,  and  wash  the  residue  with  a  little 
fresh  chloroform.  Distil  off  the  chloroform,  dry  the  residue 
at  lOO"*  to  106*"  C,  and  weigh  the  resulting  theine.  This  will 
represent  the  weight  of  theine  contained  in  5  grams  of  the  tea. 
The  amount  of  theine  may  vary  from  1  to  3  per  cent, 
according  to  the  variety  of  the  tea. 


Valuation  op  Tanning  Materials. 

619*  The  exact  estimation  of  tannin  in  natural  tanning 
materials  presents  much  complication,  owing  to  the  fact 
that  there  is  often  present  in  the  same  substance  a  mixture 
of  different  tannins.  These  are  also  always  accompanied  by 
other  bodies  which  affect  the  accuracy  of  the  determination. 
Probably  no  process  of  estimation  gives  results  of  scientific 
accuracy,  but  two  methods  which  are  employed  for  technical 
purposes  are  described  below. 

One  of  these  methods  (621)  depends  upon  causing  the 
tannin,  which  is  contained  in  the  water  extract  of  a  known 
weight  of  the  tanning  material,  to  combine  with  purified  hide- 
powder.  The  loss  of  weight,  which  the  dissolved  material 
suffers,  gives  the  weight  of  the  tannin. 

The  other  method  (622),  proposed  by  Lowenthal,  estimates 
the  tannin  by  its  deoxidising  effect  upon  standard  potassium 
permanganate  solution  under  suitable  conditions. 
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Of  these  two  methods,  the  one  which  depends  upon  the  use 
of  hide-powder  is  more  suitable  for  the  tanner,  since  it  directly 
estimates  the  amount  of  tannin  which  is  concerned  in  tanning 
a  skin. 


620.  Preparation  of  the  Extract.— The  well  ''  sampled  " 
tanning  material  (34)  must  first  be  suitably  broken  up  and 
ground,  and  must  then  be  thoroughly  mixed.  The  soluble 
matter  is  then  extracted,  either  by  boiling  the  substance 
with  water  and  filtering  the  extract  (a),  or  by  the  convenient 
form  of  apparatus  described  below  (b),  which  combines  ex- 
traction with  filtration. 

(a).  Extraction  by  Boiling. — If  the  weighed  substance  is 
simply  boiled  with  water,  it  will  be  found  convenient  to  use 

about  800  c.c.  of  water,  and  to  keep  this 
gently  boiling  with  the  substance  for 
about  three-quarters  of  an  hour.  The 
liquid  is  then  quickly  cooled,  and  is 
transferred  completely  to  a  litre-flask; 
it  is  made  up  at  once  to  the  mark  with 
water,  and  is  then  thoroughly  mixed  and 
filtered.  The  extraction  is  sometimes 
effected  by  treating  the  substance  with 
successive  quantities  of  water;  the  pro- 
cess is  considered  to  be  complete  when 
the  water  is  no  longer  coloured  after 
being  in  contact  with  the  substance. 

(b).  The  Operations  of  Extraction  and 
Filtration  may  be  carried  out  together  in 
the  apparatus  shown  in  fig.  87.  This 
represents  a  beaker  (B)  as  the  extracting 
vessel.  A  common  thistle-funnel  (0)  has 
its  stem  bent  twice  at  right  angles, 
and  serves  as  a  siphon  to  draw  off  the  extract.  The  mouth 
of  the  funnel  has  muslin  tied  over  it,  and  is  then  placed  on 
the  bottom  of  the  beaker,  and  the  funnel  is  held  in  this 
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position  by  a  clamp.  A  half-inch  layer  of  sand,  which 
has  been  purified  by  treatment  with  hydrochloric  acid,  is 
then  poured  upon  the  bottom  of  the  beaker,  so  as  to  cover 
the  mouth  of  the  funnel.  The  prepared  and  dried  tanning 
material  is  mixed  with  the  water  in  which  it  is  to  be  digested, 
and  the  mixture  is  poured  upon  the  sand. 

As  soon  as  the  digestion  with  water  has  continued  suffi- 
ciently long,  either  at  the  ordinary  temperature,  or  at  a  higher 
temperature  which  is  secured  by  immersing  the  beaker  in  the 
water-bath,  the  extract  is  siphoned  over. 

This  is  accomplished  by  attaching  to  the  shorter  arm  of 
the  funnel,  a  length  of  about  30  inches  of  narrow  rubber 
tubing  provided  with  a  pinch-clamp  (A).  The  tube  is  filled 
by  suction,  and  the  clear  extract,  which  is  siphoned  over,  is 
allowed  to  drop  into  a  flask.  The  extraction  of  the  tanning 
material  is  finished  by  pouring  successive  quantities  of  fresh 
water  into  the  beaker,  and  siphoning  them  over.  The  pro- 
cess may  be  considered  to  be  complete  when  the  water  is  no 
longer  coloured. 

The  results  given  by  the  extract  obtained  by  this  method  (b)  are  almost 
invariably  higher  than  those  given  by  the  extract  obtained  by  boiling 
(a).  The  best  temperature  for  extraction  differs  materially  with  dif- 
ferent samples.  When  this  temperature  is  not  known,  it  is  generally 
best  to  begin  at  about  85**  0.  and  then  to  raise  the  temperature  to  100** 
as  the  operation  proceeds. 

621.  The  Hide-Powder  Process. --The  infusion  of  the 
tanning  material,  which  is  to  be  used  for  this  process,  should 
contain  about  0*6  to  0*8  gram  of  extract  in  100  c.c.  In 
order  to  obtain  an  infusion  of  suitable  strength,  the  follow- 
ing weights  of  different  tanning  materials  should  be  extracted 
by  a  litre  of  water  (620)  : — 

Gutch-cube,  gambier,  dry  extracts,  algarobilla,  galls,    .     8  grams. 
Black  gambler,  divi-divi,  valonia,  myrabolans,  mimosa,  10 
Sumach,  canaigre,  liquid  extracts,  mangrove  bark,       .  15 

Persea  bark,  *'  gambia  "  pods, 20 

Babool  bark,  quebracho  wood,  cork  bark,  .80 

Oak,  hemlock^  larch  bark, 40-60 

2c 
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Part  of  this  infuBion  is  reserved,  and  another  part  is  sub- 
jected to  filtration  through  the  hide-powder. 

Filtration  through  the  Hide-Pofoder. — The  most  convenient 
and  efficient  form  of  apparatus  for  the  filtration  of  the  extract 
through  the  hide-powder  is  represented  in  fig.  88.  A  bell- 
shaped  vessel  (A),  about  as  broad  as  it  is  high,  may  be  made 
by  cutting  off  the  lower  part  of  a  two-ounce  bottle :  this 
is  closed  below  by  muslin,  which  is  held  in  position  by  a 
rubber  band  round  the  bottle.  About  6  grams  of  hide- 
powder  are  introduced  into  this  vessel.  A 
glass  tube  is  bent  twice  at  right  angles  to 
.  ^""T^  serve  as  a  siphon,  the  longer  limb  being 
9.  about  9  inches  in  length.     The  short  limb 

""^"^  '  is  fitted  into  the  neck  of  the  above  vessel  by 

a  cork,  and  its  end  is  closed  by  a  small  plug  of 
cotton-wool  so  as  to  exclude  the  hide-powder. 
This  filter  is  placed  in  a  small  beaker, 
into  which  about  100  c.c.  of  the  extract  are 
then  poured  in  small  successive  quantities. 
After  about  an  hour,  the  siphon  is  started  by 
suction.  About  30  c.c.  of  the  first  part  of 
the  filtrate,  which  may  contain  soluble  matter 
from  the  hide-powder,  are  rejected ;  the  rest 
of  the  filtrate  is  retained  for  the  estimation. 


60  .c. 


Estimation  of  the  Solid  Matter  in  the 
Extract, — It  is  now  necessary  to  estimate  the  amounts  of 
solid  matter  present,  both  in  the  original  extract,  and 
in  the  extract  which  has  been  filtered  through  the  hide- 
powder. 

Fifty  c.c.  of  efiM5h  of  these  extracts  are  measured  into  two 
weighed  porcelain,  aluminium,  or  nickel  dishes,  3  inches 
in  diameter.  The  extracts  are  evaporated  on  the  water- 
bath,  and  the  dishes  are  weighed  after  they  have  been  dried 
for  thirty  minutes  in  the  steam-oven  and  then  cooled  in  the 
desiccator.  A  second  similar  drying  process  will  usually 
cause  the  residue  to  have  a  constant  weight. 

From  these  results  the  percentage  of  tanning-matter  may 
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be  caloiilated ;  since  the  difiference  between  the  weight  of  the 
residues  from  the  two  extracts  represents  the  weight  of 
the  soluble  tanning-matter. 
Four  samples  of  oakwood  furnished  the  following  results: — 


Percentage  of 

A 

B 

C 

87-8 
14  0 

D 

Total  soluble  matter,  .... 
Soluble  non-tanning  matter, 

41-8 
14-1 

85-0 
4-7 

80-8 

88  1 

4-8 

Soluble  tanning  matter, 

27-2 

28-8 

83-8 

622.  The  Lowenthal,  or  Permanganate  Method. — ^This 
method  was  originally  suggested  by  Lowenthal :  it  is  now 
usually  applied  in  a  somewhat  modified  form.  The  method 
can  only  be  used  for  the  estimation  of  the  relative  tanning- 
vcUtie  of  different  specimens  of  the  same  tanning  material.  It  is 
useless  for  comparing  the  relative  tanning-value  of  different 
kinds  of  tanning  materials. 

The  principles  upon  which  this  method  depends,  are  the 
following. 

Solution  of  potassium  permanganate  is  readily  reduced  by 
solution  of  tannin,  and  the  relative  reducing  powers  of  the 
different  varieties  of  tannin  have  been  determined.  Accord- 
ingly, if  the  tannin  could  be  extracted  from  the  various  tan- 
ning materials,  unaccompanied  by  other  oxidisable  matter,  its 
amount  could  be  readily  estimated  by  titrating  the  extract 
with  standard  permanganate  solution. 

But  an  extract  of  a  tanning  material  invariably  contains 
other  substances,  besides  tannin,  which  reduce  permanganate. 
Hence  it  becomes  necessary  to  titrate  a  portion  of  the 
extract  with  permanganate ;  and  then  to  titrate  in  a  similar 
way  a  second  portion  of  the  extract,  from  which  the  tannin 
has  been  precipitated  by  means  of  a  solution  of  gelatin.  The 
difference  between  the  volumes  of  permanganate  solution 
which  are  required  in  the  two  titrations,  represents  the  volume 
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of  the  permanganate  solution  which  has  been  required  for 
the  oxidation  of  the  tannin. 

In  order  to  limit  and  make  definite  the  oxidising  action  of 
the  permanganate  on  the  oxidisable  matter,  a  known  volume 
of  indigo-carmine  solution  is  added ;  and  the  permanganate 
solution  is  added  to  the  extract  until  the  blue  colour  of  the 
liquid  changes  to  a  clear  yellow. 

The  following  solutions  and  other  chemicals  are  required 
for  the  Lowenthal-process. 

(a).  Standard  Potassium  Permanganate  Solution. — One 
gram  of  the  pure  permanganate  crystals  is  dissolved  in  a  litre 
of  water,  and  the  exact  strength  of  the  solution  is  ascertained 
by  titrating  it  with  deci-normal  oxalic  acid  solution,  or  with 
ammonium  oxalate  solution  (266). 

The  actual  tannin-value  of  the  permanganate  solution  is 
then  determined  by  titrating  a  solution  of  pure  tannin,  under 
exactly  the  same  conditions  as  those  under  which  the  extract 
of  the  tanning  material  is  to  he  subsequently  titrated  (623). 

The  amount  of  moisture  present  in  the  pure  tannin  is 
estimated  by  drying  about  1  gram  of  it  at  100*  C. ;  2  grams  of 
the  undried  tannin  are  then  dissolved  in  a  litre  of  water,  and 
this  solution  is  used  for  the  titration  with  the  permanganate. 

Assuming  that  the  sample  of  tannin  oontains  86 '8  per  cent  of  dry 
tannin,  the  2  grams  of  tannin  will  contain  2  x  0*868  x  1 '05  =  1*8228 
grams  of  pure  dry  tannin  :  and  this  weight  of  tannin  is  contained  in  a 
litre  of  the  solution. 

The  result  obtained  by  the  titration  is  multiplied  by  the  factor  1*06 
in  order  to  make  allowance  for  oxidisable  impurities  in  the  tannin, 
and  the  tannin -value  of  each  c.c.  of  the  permanganate  solution  is 
then  calculated. 

This  process  evidently  only  fixes  the  tannin-value  of  the 
permanganate  for  estimating  the  same  kind  of  tannin  as  that 
which  is  used  in  standardising  the  solution.  A  method  for 
extending  the  titration  to  other  forms  of  tannin  is  described 
in  par.  624. 

(b).  Solution  of  Pure  Indigo-Garmine, — This  is  prepared 
by  dissolving  in  distilled  water  5  grams  of  pxure  dry  sodium 
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sulphindigotate  (Carminum  ceenil.  opt. ;  Pure  Indigotin  I, 
of  Gehe  &  Co.).  This  solution  is  filtered,  50  grams  of  pure 
sulphuric  acid  are  added,  and  it  is  then  diluted  to  a  litre. 

(c).  DUute  Sulphuric  Acid  is  made  by  mixing  water  with 
one-ninth  its  volume  of  the  pure  strong  acid. 

(d).  Solution  of  Gelatin  is  made  by  allowing  2  grams  of 
Nelson's  gelatin  to  soak  in  100  c.c.  of  cold  distilled  water 
for  one  or  two  hours,  and  finally  dissolving  it  by  heating  the 
beaker  upon  the  water-bath.  This  solution  should  be  made 
shortly  before  it  is  required  for  use,  since  it  is  liable  to 
imdergo  change.  If  500  c.c.  are  prepared  at  once,  the  addi- 
tion of  0*5  gram  of  zinc  sulphate  will  preserve  it  from 
alteration  for  some  time,  and  the  presence  of  the  zinc  salt 
will  not  affect  the  accuracy  of  the  estimation. 

(e).  Kaolin,  purified  by  washing  and  levigation. 

(f).  Sodium  Chloride : — Good  table-salt  will  serve. 

623.  Tfie  Process  of  Estimation. — The  estimation  of  the 
value  of  a  sample  of  sounach  is  made  as  follows. 

An  extract  of  10  grams  of  sumach  is  prepared  according 
to  the  directions  already  given  (620). 

Five  C.C.  of  the  filtrate  are  measured  into  a  porcelain 
evaporating  dish  12  inches  in  diameter,  together  with 
20  C.C.  of  the  indigo  solution  (b),  and  a  litre  of  distilled 
water  or  of  good  tap-water.  The  amount  of  the  indigo 
solution  added  should  require  from  14  to  16  c.c.  of  the 
permanganate  solution  in  order  to  change  its  colour  to  pure 
yellow  when  it  is  titrated  alone. 

The  permanganate  solution  (a)  is  now  dropped  from  a 
burette,  furnished  with  a  glass  stop-cock,  into  the  mixture  in 
the  dish,  until  the  blue  colour  of  the  solution  begins  to 
change  to  green.  The  addition  must  be  made  with  moderate 
rapidity,  and  the  liquids  must  be  well  mixed  by  vigorous 
stirring. 

As  soon  as  a  green  tint  appears,  the  permanganate  is 
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dropped  in  much  more  slowly,  until  the  solution  assumes  a 
dirty  greenish-yellow  colour.  It  is  best  at  this  stage  to 
allow  the  liquid  to  stand  for  a  moment  or  two,  and  then  to 
drop  in  the  permanganate,  one  or  two  drops  at  a  time, 
stirring  vigorously  after  each  addition.  This  is  continued 
until  the  liquid  in  the  dish  assumes  a  clear  yellow  colour, 
and  shows  a  faint  pink  line  along  its  edge.  The  pink  line 
is  only  seen  in  a  good  light,  and  is  most  distinct  when  the 
edge  of  the  dish  is  shaded ;  it  is  also  best  to  rest  the  eyes 
after  each  addition  of  the  permanganate,  as  they  rapidly 
become  colour-fatigued. 

This  titration  should  be  repeated,  and  the  results  obtained 
should  not  differ  by  more  than  O'l  c.c.  The  correspondence 
of  the  results  is  made  more  certain  if  the  liquid  from  the 
first  titration  is  kept,  and  care  is  taken  that  the  colour 
finally  obtained  in  subsequent  titrations  exactly  matches  it. 
This  insures  all  titrations  being  carried  to  the  same  stage ;  a 
constant  error  may  still  be  introduced,  but  this  will  not 
affect  the  final  result. 

The  residt  of  this  titration  corresponds  to  the  total  amount 
of  oxidisable  matter,  both  tannin  and  non-tannin,  which  is 
present  in  the  sumach. 

50  CO.  of  the  original  filtered  solution  of  the  sumach  are 
now  introduced  into  a  100  c.c.  stoppered  measuring  cylinder ; 
28*6  c.c.  of  the  gelatin  solution  (d)  are  added,  and  the 
mixture  is  shaken  very  gently  so  as  to  avoid  frothing.  It  is 
next  saturated  with  common  salt,  by  introducing  successive 
small  quantities  of  that  substance  in  fine  powder  into  the 
liquid,  and  gently  shaking  it  until  no  more  is  dissolved. 
This  will  bring  up  the  volume  of  the  liquid  to  about  90  c.c. : 
10  c.c.  of  the  dilute  sulphuric  acid  (c)  are  then  added,  and 
the  total  volume  is  made  up  to  100  c.c.  After  the  liquid 
has  been  shaken  sufficiently  to  insure  perfect  mixture,  a 
teaspoonful  of  kaolin  is  added  to  aid  filtration,  and  the 
liquid  is  filtered. 

10  c.c.  of  the  filtrate,  corresponding  to  5  c.c.  of  the 
original  solution,  are  then  titrated  with  the  permanganate 
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as  is  described  above,  and  the  process  is  repeated  until  two 
corresponding  results  are  obtained.  Since  the  gelatin,  in  the 
presence  of  salt  and  sulphuric  acid,  precipitates  the  tannin- 
matter,  it  is  evident  that  the  difference  between  the  result  of 
this  titration  and  that  of  the  former  one,  will  give  the  amount 
of  permanganate  solution  which  has  been  reduced  by  the 
tannin-matter  itself. 

The  Following  FrecaiitioiiB  muBt  be  attended  to  in  carrying  out 
the  LOwenthal  ProoesB. 

(1)  If  the  gelatin,  kaolin,  or  salt,  which  are  used  to  precipitate  the 
tannin,  contain  any  soluble  oxidisable  impurities,  these  would  render 
the  titration-result  of  the  oxidisable  non-tannin  matter  too  high. 
When  very  accurate  results  are  desired,  it  is  well  to  ascertain  whether 
this  source  of  error  exists. 

This  is  done  by  mixing  together  the  same  quantities  of  indigo  solu- 
tion, distilled  water,  salt,  kaolin,  and  acid  as  are  used  in  a  titration. 
The  mixture  is  made  up  to  100  c.c,  then  filtered,  and  the  filtrate  is 
titrated  with  permanganate.  If  the  amount  of  permanganate  reduced 
exceeds  by  more  than  0*1  c.c.  that  required  by  the  indigo  solution 
alone,  one-half  of  this  excess  must  be  deducted  from  the  result  obtained 
by  the  titration  of  the  oxidisable  non-tannin  matter,  before  this  is 
subtracted  from  the  result  representing  the  total  oxidisable  matter 
present  in  the  extract. 

(2)  The  indigo  solution  in  this  method  serves  not  only  as  an  indi- 
cator, but  it  also  controls  the  oxidising  action  of  the  permanganate, 
by  keeping  it  within  certain  definite  limits.  In  order  to  insure  a 
uniform  limiting  action,  the  volume  of  the  permanganate  solution 
which  is  used  in  a  titration  must  never  much  exceed  one  and  a  half 
times  that  which  is  required  by  the  indigo  alone. 

(S)  The  strength  of  the  tanning  extract  has  an  effect  upon  the 
accuracy  of  the  determination.  It  is  found  that  the  strength  of  the 
tannin  solution  should  not  be  much  below  that  corresponding  to  2 
grams  of  gallotannic  acid  per  litre. 

(4)  If  the  titrations  are  not  carried  out  in  a  strictly  similar  manner, 
as  regards  stirring  and  rate  of  addition  of  the  permanganate,  compar- 
able results  cannot  be  obtained,  since  the  procedure  during  titration 
considerably  affects  the  ultimate  result. 

Galcnlation  of  the  Besult  fh>m  the  Tannin  Value  of  the  Perman- 
ganate (see  Note). — In  a  particular  estimation,  10  grams  of  sumach 
were  e^ttracted  with  boiling  water,  and  the  solution  was  made  up  to  a 
litre  and  filtered. 

5  cc.  of  this  solution,  mixed  with  20  c.c.  of  the  indigo  solution 
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and  with  a  litre  of  water,  were  taken  for  each  titration  with  perman- 
ganate, with  the  following  results. 

Two  titrations  required  respectively  24 'S  and  24*5  cc  of  per- 
manganate solution,  the  mean  result  being  24*4  cc.  Therefore  10 
cc.  of  the  sumach  solution  together  with  40  cc.  of  indigo  solution, 
would  require  48*8  cc  of  permanganate. 

After  the  addition  of  gelatin,  salt,  and  acid  to  another  portion  of 
the  original  extract,  10  cc  (equal  to  5  cc.  of  original  solution)  re- 
quired as  a  mean  19*S  cc.  of  permanganate.  Therefore  10  cc  of  the 
original  solution,  deprived  of  tannin,  together  with  40  cc  of  indigo 
solution,  would  require  38 '6  cc  of  permanganate  solution. 

Accordingly,  48*8-38*6  =  10*2  cc  of  permanganate  were  reduced 
by  the  tannin  contained  in  10  cc.  of  the  original  solution. 

Therefore  1  litre  of  that  solution  would  require  10*2x100=1020 
cc  of  permanganate  solution.  But  the  litre  of  the  solution  contained 
the  soluble  matter  from  10  grams  of  sumach.  Therefore  the  tannin  in 
100  grams  of  the  sumach  would  require  1020  x  10  =  10200  cc  of  per- 
manganate solution. 

The  standard  tannin  solution  contained  1*8228  grams  of  pure  tannin 
per  litre  (623,  a).  5  cc.  of  this  solution,  with  20  cc  of  the  indigo 
solution,  required  28 '5  cc  of  the  permanganate.  Therefore  10  cc  of 
the  standard  solution,  with  40  cc  of  the  indigo,  would  require  47  cc 
of  the  permanganate. 

But  40  cc  of  the  indigo  solution  require  34  cc  of  the  permanganate. 
Therefore  10  cc  of  standard  tannin  solution  require  (47  -34)  =  13  cc 
of  the  permanganate     Hence  each  c  c  of  the  permanganate  corresponds 

to  (  '-^   X 10  )    -r  13 = 0 *001402  gram  of  pure  tannin.    Consequently 
the  percentage  of  tannin  in  the  sumach  =  10200  x  0*001402=14*8. 

NoU, — Results  were  formerly  calculated  directly  from  the  oxalic  acid 
value  of  the  permanganate  (366) ;  but  it  has  been  found  that  although 
this  value  is  comparatively  constant  in  the  hands  of  any  one  experimenter 
who  adheres  to  a  uniform  method  of  titration,  yet  it  differs  so  widely 
with  slight  differences  in  stirring  and  in  the  rate  of  addition  of  the 
permanganate,  that  the  results  are  quite  useless  for  comparison. 

This  is  due  to  the  large  amount  of  secondary  oxidation  which  takes 
place  when  the  indigo  becomes  nearly  exhausted. 

This  source  of  eiTor  is  almost  entirely  avoided  by  standardisiug  the 
permanganate  with  pure  tannin  as  is  directed  above  (623,  a),  since 
the  amount  of  secondary  oxidation  is  then  practically  the  same  in  the 
titration  of  the  pure  tannin  as  in  the  titration  of  the  extract. 

624.  Determination  of  the  Abaolate  Percentage  present  of  any 

Form  of  Tannin. — If  it  is  desired  to  determine  the  cuUtuU  percentage 

'^ht  of  any  other  form  of  tannin  besides  gallotannic  acid  in  a  sample 
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of  tannisg  material  by  the  Lowenthal  method,  it  is  necessary  to  resort 
to  the  gravimetric  process  already  described  (62z)  in  order  to  standard- 
ise the  permanganate  solution. 

A  portion  of  the  original  extract  (6ao}  is  titrated  as  is  directed 
above  (623).  A  portion  of  the  same  extract  is  also  passed  through 
the  hide-powder  filter  (621),  and  is  then  similarly  titrated  in  order  to 
estimate  the  amount  of  non-tannin  matter  present.  50  c.o.  of  the 
original  extract  and  50  c.c.  of  the  filtrate  from  the  hide-powder  are 
then  evaporated  separately,  and  the  residues  are  dried  for  thirty 
minutes  in  the  steam -oven  and  weighed.  The  actual  weight  of  the 
tannin  matter,  which  corresponds  to  the  permanganate  reduced,  can 
then  be  calculated. 

This  method  is  obviously  useless  for  a  single  estimation  ;  but  when 
a  number  of  titrations  of  similar  tanning  extracts  are  being  made,  it 
is  often  very  convenient.  In  some  cases  the  proportion  of  oxidisable 
non-tannin  matter  can  be  assumed  to  be  constant,  and  the  tanniu- 
strength  of  an  extract  is  then  obtained  by  a  single  titration. 


Soap  Analysis. 


625*  III  ^^  ordinary  analysis  of  soap,  it  is  not  necessary  to 
estimate  all  the  constituents.  The  following  determinations 
will  commonly  suffice: — water,  free  and  combined  alkali, 
fatty  acids,  and  insoluble  matter. 

A  more  complete  chemical  examination  of  the  soap  would 
include  the  estimation  of  the  amount  of  free  fat,  of  resin,  of 
glycerine,  and  of  certain  other  substances.  In  many  cases 
also  an  investigation  is  required  into  the  nature  of  the  fatty 
acids  present. 

Two  schemes  of  analysis  are  drawn  out  below,  a  scheme 
for  partial  analysis  (626-632),  and  a  scheme  for  more  com- 
plete analysis  (633). 

626.  Preparation  of  an  Average  Sample  for  Analysis. — 
The  following  special  method  of  preparing  an  average  sample 
for  analysis  is  necessary,  because  soap  contains  a  large  pro- 
portion of  water  which  is  differently  distributed  throughout 
the  mass.  The  outside  of  the  sample  usually  contains  much 
less  moisture  than  the  inside. 
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Cut  out  a  slice  of  the  soap  quite  through  the  middle  of  the 
bar,  and  at  right  angles  to  its  long  axis.  This  slice  must 
weigh  exactly  60  grams,  or  else  the  volume  to  which  the 
soap-solution  is  diluted  must  be  adjusted  accordingly.  Warm 
the  soap  with  air-free  distilled  water  imtil  it  is  dissolved. 
Then  dilute  the  solution,  and  filter  it  if  necessary  through  a 
dried  tared  filter. 

The  insoluble  matter  is  dried  on  the  filter  and  weighed. 

The  warm  solution  is  cooled  in  a  half-litre  flask  to  about 
60°  C. ;  it  is  apt  to  gelatinise  if  its  temperature  is  further 
reduced.  It  is  then  made  up  to  the  mark  with  air-free  water 
at  60"  C. ;  and  the  liquid  is  thoroughly  though  gently  mixed 
by  inverting  the  flask.  If  the  liquid  is  violently  agitated  it 
will  froth  seriously.  Several  portions  of  50  c.c.  and  100  c.c. 
each  are  then  at  once  measured  off  by  heated  measuring-flasks 
into  separate  vessels  for  analysis. 

An  alternative  method  consists  in  making  the  solution  up 
to  500  C.C.  at  60°  C,  allowing  it  to  cool  and  set,  and  then 
bringing  it  to  the  liquid  state  in  the  stoppered  measuring- 
flask,  when  necessary,  by  warming  the  contents  of  the  flask  to 
60°  C.  The  soap-solution  must  always  be  thoroughly  mixed, 
if  it  has  been  allowed  to  stand  aside,  before  any  portion  is 
measured  off  for  analysis. 

627.  Estimation  of  Moisture.  ^Evaporate  50  c.c.  of  the 
above  solution  of  the  soap  to  dryness  in  a  weighed  platinum 
or  porcelain  dish  upon  the  water-bath.  Dry  the  soap-residue 
in  the  steam-oven,  or  in  an  air-bath  at  120°  C,  until  the 
weight  is  constant,  and  subtract  the  weight  of  the  dry  residue 
from  5,  in  order  to  obtain  the  weight  of  water  which  was 
originally  present  in  5  grams  of  the  soap. 

628.  Estimation  of  Matter   Insoluble  in  Alcohol. — 

Transfer  the  dried  soap  from  the  dish  (627)  as  completely 
as  possible  to  a  6-inch  filter,  which  has  been  previously 
treated  with  alcohol,  and  then  dried  at  100°  until  its 
weight  is  constant.  Ascertain  the  amount  of  soap,  which 
has  been  removed  to  the  filter,  by  reweighing  the  dish. 
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Then  press  the  filter  round  the  soap,  so  as  to  enclose 
it  in  a  bag,  and  place  the  filter  containing  the  soap  in 
the  Soxhlet-extractor  (589).  Pour  absolute  alcohol  into 
the  flask,  dropping  in  a  few  pieces  of  platinum<foil  to 
prevent  the  alcoholic  solution  of  soap  from  bumping ; 
then  boil  the  spirit,  and  allow  the  extraction  to  continue 
for  two  hours. 

The  filter  will  now  contain  any  matter  insoluble  in  alcohol, 
which  was  present  in  the  soap,  such  as  starch  and  alkaline 
silicate  and  carbonate.  Dry  the  filter  with  its  contents  in 
the  steam-oven  imtil  its  weight  is  constant,  and  subtract  the 
weight  of  the  filter  in  order  to  obtain  the  weight  of  the  in- 
soluble matter. 

The  amount  of  mineral  matter,  which  is  present  in  this 
residue,  may  then  be  obtained  by  incinerating  the  residue 
and  filter  at  the  lowest  temperature  possible,  weighing  the 
residue  and  subtracting  the  weight  of  the  filter-ash. 

629.  EBtimation  of  the  Alkali  which  is  present  as 
Hydrate,  Carbonate,  and  Silicate. — Since  the  evaporation  of 
the  soap-solution  would  convert  the  alkaline  hydrate  into 
carbonate,  it  is  necessary  to  dissolve  a  slice  of  the  soap  (626), 
weighing  20  grams,  in  200  c.c.  of  absolute  alcohol.  This 
solution  is  filtered,  and  50  c.c.  of  the  filtrate  are  titrated  with 
normal  sulphuric  acid,  using  phenol-phthalein  as  an  indicator. 
This  titration  gives  the  amount  of  sodium  hydrate  present 
(see  Note), 

The  residue  on  the  filter  is  dissolved  in  water,  and  the 
solution  is  titrated  with  standard  acid  and  methyl-orange, 
in  order  to  estimate  the  amount  of  NagO  present  as  carbort- 
ate  and  as  sUicaie. 

Note, — ^The  above  separation  of  aodiam  hydrate  from  sodium  carbon- 
ate by  means  of  absolute  alcohol  is  frequently  not  complete.  If  the 
alcohol  is  quite  absolute  some  NaOH  remains  undissoWed,  while  if 
water  is  present  some  Na^COs  may  pass  into  solution.  A  qualitative 
test  for  free  alkali  may  be  made  by  placing  a  drop  of  phenol-phthalein 
solution  on  the  freshly-cut  surface  of  the  soap ;  if  no  red  coloration 
appears,  free  alkali  is  absent  and  absolute  alcohol  may  be  satisfactorily 
used. 
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630.  Estimation  of  the  Fatty  Adds. — The  fatty  acids  in 
the  soap  may  be  determined  either  in  the  alcoholic  solution, 
which  has  been  neutralised  with  the  normal  acid  as  is  de- 
scribed above  (629).  If  this  course  is  adopted,  the  solution 
must  be  diluted  with  water,  and  then  boiled  until  all  the 
alcohol  is  removed. 

Or  50  C.C.  of  the  original  soap-solution  (626)  may  be  used 
for  the  determination. 

In  either  case,  a  measured  quantity  in  excess  of  normal 
sulphuric  acid  is  added  to  the  soap-solution  contained  in  a 
beaker,  a  dish,  or  a  conical  flask.  The  vessel  is  then  heated 
on  the  water-bath,  or  gently  boiled,  until  the  fatty  acids 
form  a  transparent  layer,  free  from  white  spots,  on  the  top 
of  the  liquid,  leaving  a  clear  solution  below. 

The  fatty  acids  are  most  conveniently  separated  from  the 
liquid  in  a  dish  and  washed,  by  using  the  "butter-flask" 
as  is  directed  in  paragraph  600.  The  weight  of  fatty  acids 
found  is  multiplied  by  0*97,  in  order  to  obtain  the  weight  of 
the  fatty  anhydrides. 

Another  method  consists  in  decomposing  the  soap-solution  by  the  acid 
in  a  conical  flask  or  in  a  beaker.  The  hot  liquid  is  then  cooled  until 
the  fatty  acids  set  into  a  solid  cake.  The  aqueous  solution  is  filtered 
through  a  wetted  filter.  The  fatty  acids  in  the  flask  are  washed  by 
shaking  them  with  hot  water,  cooling,  and  pouring  ofi"  the  aqueous 
portion  again  (see  Note),  This  washing  process  is  repeated  until  the 
washing-water  no  longer  aflects  blue  litmus-paper.  If  the  washing  is 
carefully  performed,  very  little  fatty  acid  will  be  present  on  the  Alter. 

The  funnel,  containing  the  filter,  is  placed  in  a  small  beaker  and 
dried  in  the  steam-oven.  The  fatty  acids  are  dissolved  from  the  beaker 
and  the  filter  by  means  of  alcohol,  and  the  solution  is  added  to  the 
fatty  acids  in  the  flask.  The  flask  and  its  contents  are  then  heated  in 
the  steam-oven,  until  the  weight  becomes  constant  The  weight  of 
fatty  acids  thus  found  is  multiplied  by  0*97,  in  order  to  obtain  the 
weight  of  the  fatty  anhydrides. 

Note, — Instead  of  washing  the  fatty  acids  upon  the  filter,  they  may 
be  removed  as  a  cake,  which  is  washed  mth  cold  water.  For  this 
purpose  from  6  to  7  grams  of  white  wax  are  accurately  weighed  out, 
and  are  kept  in  a  melted  state  with  the  fatty  acids  in  the  beaker  on 
the  water-bath,  after  the  normal  acid  has  been  added,  until  all  water 
rates. from  the  melted  layer.    The  beaker  is  then  cooled,  and  a 
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firm  cake  is  obtained,  which  can  be  removed,  rinsed  with  cold  water, 
drained,  dried  with  filter-paper,  and  weighed :  any  fatty  matter 
which  remains  adhering  to  the  inside  of  the  beaker  is  scraped  off, 
washed,  dried  in  a  desiccator,  and  weighed  with  the  cake.  From  the 
total  weight  thus  obtained  the  weight  of  the  wax  is  subtracted,  and 
the  result  is  the  weight  of  the  fatty  acids. 

631.  EBtiination  of  the  Total  Alkali— All  the  alkali 
will  be  contained  in  the  aqueous  filtrate  (630),  if  the  original 
8oap-solution  was  employed  for  the  estimation  of  the  fatty 
acids.  If,  however,  the  alcoholic  solution  (629)  was  used 
for  the  estimation  of  the  fatty  acids,  the  filtrate  (630)  will 
contain  the  total  alkali,  less  that  which  is  present  in  the 
insoluble  residue  (629). 

In  either  case,  the  excess  of  standard  acid  is  measured  by 
titrating  the  filtrate  with  standard  sodium  hydrate  solution. 
Since  a  known  volume  of  standard  acid  was  originally  added 
to  the  soap  solution  (630),  the  qviantity  of  acid  corresponding 
to  the  total  alkali  in  the  soap  can  now  be  obtained  by  dififer^ 
ence,  and  from  this  result  the  amount  of  combined  alkali 
(Na^O)  may  be  calculated. 

632.  Potash  soap  or  Soft  soap.— Since  the  alkali  present 
in  this  soap  is  potassium  oxide,  the  alkali  must  be  calculated 
as  KjO  instead  of  as  Na^O.  If  both  sodium  and  potassium 
are  to  be  estimated,  a  measured  volume  of  the  soap-solution 
(626)  is  decomposed  by  hydrochloric  acid  (630),  and  the 
alkali-metals  are  determined  in  the  filtrate  from  the  fatty 
acids  according  to  pars.  358,  359- 

A  Scheme  for  the  Complete  Analysis  of  Soap  is  given  in 
paragraph  633. 

For  the  BesnltB  of  Analyaes  of  Soaps  refer  to  paragraphs  769,  770. 
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633.  Complete  Analysis  of  Soap 


KeMure  60  0.0.  of  the  Boap-Bolutioii  (6a6),  eTaporate  thin  on  the  water-bath,  and  diy 

Weight  of  water  tn  fi 

Bemore  thia  Beeidoe  to  a  tared  filter,  which  has  been  extracted  with  petroleum  ether,  and  treat 


traot  Dia- 
tU  off  the 
ether,  and 
dry  the 
flaakatlO(r 
C,  until 
its  weight 
Is  constant. 
The  residue 
is  Unetna- 
binsdFat 

Note,  —  Es- 
sential oils 
and  certain 
adulterants 
may  be  pre- 
sent in  this 
residue. 


The  Besidne  in  the  filter  consists  of  soap  and  other 


The  Aloohdlio  Xxtraot  contains  soap  (fatty  anhydride  and  combined  alkalis), 
resin,  and  glycerine.  Add  a  few  drops  of  phenol-phthalein,  and  exactly 
neutralise  with  dilute  H«SO^  if  free  alkali  is  shown  to  be  present  by  the 
colour  of  the  phenol-phthalein. 


For  this 
estimation 
refer  to 
par.  6*9. 


Add  a  large  excess  of  water,  and  boil  off  all  the  alcohol.  Decom- 
pose the  soap  by  adding  a  measured  volume  in  excess  of  normal 
HSSO4 ;  boil,  separate  the  free  fatty  acids  (630),  filter,  and  wash. 


nie  Filtrate  contains  com- 
bined alkali  and  gly- 
cerine. Titrate  it  with 
normal  sodium  hydrate 
solution. 


From      the 
volume  of 
sodium  hy- 
drate solu- 
tion used, 
theHsS04, 
which  cor- 
responds 
to        the 
Oomlnned 
Alkali,    is 
known. 

The  amount 
of  the  com- 
bined  al- 
kali is  cal- 
culated as 
NasO. 


After  titra- 
tion, eva- 
porate the 
liquid    to 
dryness  on 
the  water- 
bath.  Heat 
the  residue 
with  1  part 
of  chloro- 
form and  2 
parts     of 
absolute 
alcohol ; 
evaporate 
the    dear 
alcoholic 
solution  to 
dryness  in 
a       tared 
dish;  and 
weigh  the 
residual 
Olyoerine. 

NoU.  —  The  I 
residue 
should  be 
inciner- 
ated, and 
the  weight 
of  any  ash 
thus  found 
must     be 
deducted 
from  that 
of  the  gly- 
cerine. 


The  Besidoe  on  the  filter-paper  con- 
sists of  Fatty  Adds  and  Besin. 
Dry  it  at  110*  C.,  and  weigh. 

Dissolve  an  aliquot  part  in  20  c.c.  of 
strong  alcohol ;  saponify  by  heat- 
ing with  sodium  hydrate  solution 
added  in  slieht  excess,  using 
phenol-phthalein  to  ascertain  when 
excess  is  present.  Boil,  cool,  trans- 
fer to  a  stoppered  cylinder,  and  add 
ether  until  the  volume  is  100  c.c. 
Add  a  fair  quantity  of  AgNOy  in 
fine  powder,  shake  well  for  ten 
minutes,  and  allow  to  settle. 


The  Preoipi- 
tate,  which 
consists  of 
stearate, 
palmitate, 
and  oleate 
of  silver  is 
rejected. 


The  Bdntion  consists 
of  resinate  of  sOver. 
Filter  off  60  c.c.  from 
the  total  100  C.C.  De- 
compose this  with 
20  C.C  dUute  HCl  (1 
of  acid :  2  of  water). 
Measure  the  volume 
of  the  liquid,  allow 
the  AgCl  to  settle, 
and  evaporate  an 
aliquot  portion  of 
the  clear  solution  in 
a  tared  dish.  Dry 
the  residue  at  110' 
C,  and  weigh  The 
Besin.  For  each  10 
c.c.  of  solution  evap- 
orated, subtract 
0-00286  gram,  to 
correct  for  dissolved 
oleic  acid. 

Subtract  the  weight  of 
resin  in  6  grams  of 
soap  from  the  corre- 
sponding weight  of 
the  fatty  adds  + 
resin,  and  multiply 
the  weight  of  the 
fatty  acids  thus  ob- 
tained by  0*97  (^X 
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(Modification  of  Leed's  Soheme). 


the  residue  at  100*  0.    The  weight  of  this  residue,  when  subtracted  from  5,  gives  the 
grams  of  the  soap. 


the  residue,  wrapped  up  in  the  filter-paper  bag,  with  petroleum  ether  in  the  Soxhlet-apparatus  (589.) 


constituents.    Treat  this  with  alcohol  in  the  Soxhlet-apparatus. 


The  Residue  consists  of  NasCOs,  I^aCl,  Na2804,  sodium  silicate,  starch,  and  insoluble  matter. 

Wash  with  60  c.c.  of  cold  water. 


The  Filtrate  consists  of  Na^COg,  NaCI,  Na2S04,  and  sodium 
silicate.  Make  the  solution  up  to  100  c.c. ,  and  use  separ- 
ate portions  of  20  c.c.  each  for  the  following  estimations. 


HaaOOa. 
Titrate  with 
normal 
H^04,and 
calculate 
the  result 
as  KasCOg. 
This    wUl 
Include 
any  NaoO 
originally 
present  in 
the     resi- 
due      as 
silicate 
and       as 
hydrate 


KaCl. 
Titrate  with 
AgNO, 

C*h);.  or 
precipitate 
as  AgCl, 
and  weigh 
(1x3).  Cal- 
culate the 
result  as 
KaOl. 


Ka2804. 

AcldiTywlth 
HCl,  pre- 
cipitate 
with  BaCl2 
solution, 
and  weigh 
the  BaS04 
(96).  Cal- 
culate as 
HS9SO4. 


SiOa. 

Decompose 
with  HCl, 
evaporate 
down  to 
dryness, 
heat  to 
residue  at 
150*  in  the 
air-oven, 
and  deter- 
mine the 
silioa  in 
the  red- 
due  (17a). 


The  Residue  consists  of  starch  and  in- 
soluble matter.  Dry  at  100°  C. ,  and 
weigh  the  Stsroh+Znsolnhle  Matter. 


Boil  the  residue  with  about  100  c.c. 
of  water.  Place  the  solution  In  a 
small  bottle,  and  add  1  c.c.  of 
strong  HSSO4.  Cork  the  bottle, 
and  wire  down  the  cork  tightly. 
Heat  the  bottle  and  its  contents 
on  the  water-bath  for  several 
hours.  Then  neutralise  the  excess 
of  acid,  titrate  the  glucose  thus 
formed  with  Fehling  solution  (6ia), 
and  calculate  the  weight  of  the 
Staroh. 

The  weight  of  the  LisolaUe  Xatter 
is  found  by  difference. 
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ORGANIC  ANALYSIS. 


640.  Introductory  Bemarks. — This  section  treats  of  the 
general  and  typical  methods  employed  for  the  ultimate 
analysis  of  organic  substances,  and  for  the  determination  of 
their  molecular  weights. 

Carbon  and  hydrogen,  the  most  common  constituents  of 
an  organic  compound,  are  estimated  by  burning  a  known 
weight  of  the  organic  substance,  and  determining  separately 
the  weights  of  carbon  dioxide  and  of  water  which  are  thus 
produced.  There  is  no  simple  method  for  directly  deter- 
mining with  accuracy  the  proportion  of  oxygen  present : 
oxygen  is  usually  calculated  by  difference,  after  all  the  other 
constituents  have  been  determined. 

Several  methods  for  determining  nitrogen  are  described. 
The  estimation  is  an  important  one,  not  only  for  scientific 
purposes,  but  also  in  connection  with  the  analysis  of  manures 
and  agricultural  products. 

Methods  for  estimating  the  halogen  elements,  as  well  as 
sulphur  and  phosphorus,  are  also  described. 

A  large  number  of  other  elements  may  be  present  in 
organic  compounds.  As  a  rule,  the  ordinary  methods  of 
estimating  these  elements  in  their  inorganic  compounds, 
which  are  described  in  the  earlier  part  of  this  book,  are 
directly  or  indirectly  applicable  to  their  determination  in 
organic  substance  also. 


OEGANIC   COMBUSTION  PK00ES8. 


KsTiiiATioN  OP  Carbon  and  Hydrogbh  in  a  Solid 
Organic  Substance. 

641.  Organic  Combustion  Frocees. — The  method  putsued 
is  a  modification  of  that  first  described  by  Liebig.  It  con- 
BiBtB  in  heating  the  organic  subBtance  to  redness  with  copper 
oxide,  whereby  its  hydrogen  is  converted  into  water,  and  ita 
carbon  into  carbon  dioiide.  These  products  are  absorbed  by 
calciuoi  chloride,  and  by  soda-lime  or  potassium  hydrate 
solution,  respectively, 

Iq  the  method  now  commonly  in  use,  the  "combustion" 
of  the  oiganic  substance,  and  the  removal  of  the  products 
of  combustion,  are  assisted  by  passing  a  current  of  air  or  of 
oxygen  through  the  combustion-tube. 

The  following  apparatus  and  materials  are  required  for  an 
organic  combustion, 

642.  Apparatus  for  Pnrifying  ttie  Air  and  Oxygen  nsed 
in  the  Combustion. — This  apparatus  (fig.  89)  is  in  duplicate, 

Fio.  se. 


with   the  exception  of  the  U-tube  (cc).     The  front  wash- 
bottle  (a),  and  the  eprouvette  (6),  are  used  for  puri^ing 
2d 
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air;  and  the  correBponding  yessels  behind  them  are  used 
for  purifying  oxygen.  The  wash-bottles  (a)  are  connected 
respectively  with  supplies  of  air  and  of  oxygen  under 
pressure. 

Either  air  or  oxygen,  or  a  mixture  of  both,  may  therefore 
be  passed  in  a  purified  condition  into  the  combustion-tube, 
by  suitably  adjusting  the  clamps  between  the  eprouvettes 
and  the  U-tube  (c  c). 

Both  the  air  and  the  oxygen  finally  pass  through  the  U- 
tube  (e)  on  their  way  to  the  combustion-tube.  The  air  is 
usually  passed  from  a  gas-holder.  The  oxygen  may  be 
supplied  either  from  a  gas-holder,  or  from  a  steel  cylinder 
charged  with  the  compressed  gas  and  provided  with  a  regu- 
lator for  reducing  the  pressure :  the  gas  will  be  moist,  but 
will  be  more  under  control  if  it  is  supplied  from  a  gas-holder ; 
the  oxygen  from  the  steel  cylinder  is  practically  dry. 

The  two  wash-bottles  (a)  contain  strong  sulphuric  acid, 
and  serve  to  dry  the  gas  passing  through  them ;  at  the  same 
time  they  give  an  indication  of  the  speed  of  the  current  of 
gas.  The  eprouvettes  (b)  contain  granular  soda-lime,  which 
absorbs  the  carbon  dioxide.  Any  trace  of  moisture  which 
is  taken  up  by  the  gas  from  the  soda-lime,  is  subsequently 
removed  during  the  passage  of  the  gas  through  the  calcium 
chloride  in  the  U-tube  (c  c). 

The  apparatus  is  fitted  up  as  is  shown  in  fig.  89.  Either 
rubber  stoppers  are  used ;  or  sound  corks  are  inserted,  the 
tops  of  which  are  then  cut  off  level  with  the  tube,  and 
the  ends  are  brushed  over  with  melted  paraffin-wax.  The 
wash-bottles  (a)  are  one-third  filled  with  pure  strong  sul- 
phuric acid. 

The  lower  chambers  of  the  eprouvettes  (6)  contain  broken 
glass,  and  the  bodies  of  these  vessels  are  charged  with 
granular  soda-lime.  The  U-tube  (c)  is  filled  with  granular 
calcium  chloride,  a  plug  of  glass-wool  being  inserted  in  the 
top  of  each  limb. 

643.  A  Combustion  Furnace. — Of  the  many  forms  of  gas 
combustion-furnace  in  use,  Erlenmeyer's  (fig.  95,  p.  440)  is 
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perhaps  the  most  conyenient.  Part  of  a  Glaser  furnace  is 
shown  in  fig.  89  (p.  417).  A  sheet-iron  or  fire-clay  trough, 
lined  with  a  thin  layer  of  asbestos,  should  extend  down  the 
interior  of  the  furnace.  The  combustion-tube  is  laid  in  this 
trough. 

644.  The  Oombiistioii  Tube. — Cut  off  a  piece  of  combus- 
tion tubing,  about  five-eighths  of  an  inch  in  internal  diameter, 
and  long  enough  to  project  about  an  inch  from  each  end  of 
the  furnace.  Round  off  the  sharp  edges  at  each  end  of  this 
tube  by  fusing  them  in  the  blow-pipe  flame.  As  soon  as  the 
glass  is  cold,  cleanse  the  interior  by  washing  it  with  a  long- 
stemmed  tube-brush  in  a  stream  of  water,  or  by  attaching  a 
plug  of  cotton- wool  to  the  middle  of  a  piece  of  string  about 
5  feet  in  length,  and  drawing  the  wetted  plug  up  and  down 
the  tube;  then  rinse  the  tube  well  in  a  stream  of  water 
from  the  tap,  and  dry  it  by  heat. 

645.  A  Glass  Plug  to  prevent  Bifltudon  is  shown  at  d  in 
fig.  90  (p.  422).  This  is  made  by  drawing  off  about  an  inch 
of  a  glass  tube  or  rod,  which  just  passes  into  the  combustion- 
tube  {Note).  The  narrow  portion  is  cut  off  about  half  an  inch 
from  the  shoulder,  and  the  end  is  bent  round  into  the  form 
of  a  loop,  or  a  loop  of  platinum  wire  is  fused  into  the  end. 
This  loop  enables  the  plug  to  be  withdrawn  from  the  com- 
bustion-tube by  means  of  a  piece  of  hooked  wire.  The 
partial  closure  of  the  tube  by  this  plug  during  the  process  of 
combustion,  causes  the  air  stream  to  move  with  greater 
velocity  at  this  point  and  thus  prevents  the  occurrence  of 
backward  difiiision  into  the  purifying  tubes  (642). 

An  additional  method  for  preventing  diffusion  consists  in 
admitting  air  and  oxygen  into  the  combustion-tube  through 
a  tube  which  is  only  one  millimetre  in  bore. 

Note' — ^A  cylinder  of  tightly-coiled  copper  gauze  may  take  the  place 
of  the  glass  plag.  The  cylinder  should  fit  the  combustion-tabe, 
and  shoald  have  been  superficially  oxidised  by  heating  it  in  air ;  it  is 
placed  in  the  tube  and  maintained  at  a  red  heat  during  the  combus* 
tion  so  as  to  burn  aoy  organic  vapour  which  may  diffuse  backwards 
daring  the  combnstioD. 
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646.  A  Platinum  or  Porcelain  Boat  is  shown  at  e  (fig.  90, 
p.  422) :  this  boat  must  be  of  such  dimensions,  that  it  can 
be  readily  pushed  into  the  combustion-tube.  A  platinum  boat 
may  either  be  purchased  or  may  be  made  from  platinum-foil. 

647.  Copper  (hdde. — Copper  oxide,  which  has  been  pre- 
pared by  the  direct  oxidation  of  metallic  copper,  must  be 
procured.  The  oxide  is  usually  made  by  roasting  short 
lengths  of  copper  wire  in  a  current  of  air. 

If  the  oxide  has  been  prepared  by  the  ignition  of  copper 
nitrate,  it  often  evolves  oxides  of  nitrogen  when  it  is  heated ; 
such  oxide  is  quite  unsuitable  for  use  in  organic  combustion. 

648.  A  Silver  or  Copper  CoiL— A  strip  of  silver-sheet 
or  gauze,  about  2  inches  in  width,  is  tightly  coiled  until  it 
will  just  pass  into  the  combustion-tube  (fig.  90,  g), 

A  similar  coil  of  copper-gauze  may  be  used  in  certain  cases 
instead  of  the  silver  one  (665)  ^)- 

The  object  of  the  copper  or  silver  coil  is  to  deoxidise  any 
oxides  of  nitrogen  which  may  be  evolved  from  a  nitrogenous 
organic  substance,  and  to  prevent  these  oxides  from  being 
absorbed  by  the  soda-lime  and  weighed  as  carbon  dioxide. 

The  silver  coil  not  only  deoxidises  oxides  of  nitrogen,  but 
also  absorbs  the  halogen  elements. 

649.  Calcium  Chloride  Absorption  Tube. — The  tube  h 
(fig.  90),  which  is  intended  to  absorb  the  aqueous  vapour 
evolved  during  the  combustion,  contains  granular  calcium 
chloride  (I42),  through  which  CO^  has  been  passed,  if 
necessary,  until  its  solution  is  neutral  to  test-paper. 

The  bulb  nearest  to  the  combustion-tube  is  empty  (seeiVio^^). 

The  other  bulb  and  the  two  limbs  of  the  U-tube  are  nearly 
filled  with  the  calcium  chloride,  after  a  small  plug  of  glass- 
wool  has  been  placed  at  the  top  of  the  second  bulb,  in  order 
to  prevent  the  calcium  chloride  from  passing  into  the  narrow 
tube  above. 

Another  plug  of  gl£iss-wool  is  then  placed  in  the  other 
limb  of  the  tube,  in  order  to  prevent  particles  of  calcium 
chloride  from  entering  the  small  side-tube.    The  straight  limb 
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is  either  closed  with  a  well-fitting  cork,  which  is  cut  off  level 
with  the  top  of  the  tube,  and  is  then  brushed  over  with 
melted  paraffin  wax ;  or  the  ends  of  the  tube  are  drawn  off  in 
the  blow-pipe  flame  and  are  thus  permanently  sealed  (a,  fig. 
91). 

Note, — ^The  greater  part  of  the  water  which  is  produced  duriDg  the 
combustion  collects  in  the  empty  bulb,  and  is  emptied  out  after  each 
combustion  as  soon  as  the  tube  has  been  weighed.  The  calcium  chloride 
in  the  tube  is  thus  prevented  from  becoming  rapidly  saturated  with 
water,  and  serves  for  many  combustions  without  being  renewed. 

65a  Soda-lime  Tubes.— These  tubes  (t,  y,  fig.  90)  are 
intended  to  absorb  the  carbon  dioxide  which  is  formed  during 
the  combustion.  Each  tube  is  filled  to  three  quarters  of  its 
capacity  with  granular  soda-lime,  the  remainder  of  the  space 
being  filled  with  granular  calcium  chloride.  The  inlet  and 
outlet  tubes  are  loosely  closed  by  plugs  of  glass-wool.  The 
preparation  of  similar  absorption  tubes,  which  has  been  al- 
ready described  in  paragraphs  142, 143,  should  be  referred  to. 

All  tubes  and  vessels  containing  absorbent  material  must 
be  closed  from  the  air,  when  they  are  not  in  actual  use. 

Potash  Bulbs.—  Potassium  hydrate  solntion  may  be  used  instead  of 
soda-lime  as  an  absorbent  for  the  carbon  dioxide.  It  may  be  intro- 
duced into  a  multiple  bulb-apparatus  of  either  the  Liebig  or  the 
Geissler  pattern.  The  liquid  absorbent  presents  the  advantage  over 
soda-lime  of  serving  as  a  gauge  which  indicates  the  rate  at  which 
the  current  of  gas  is  passing  by  the  observation  of  the  bubbles.  A 
guard-tube  containing  fragments  of  granular  calcium  chloride  must 
be  attached  to  the  further  end  of  the  bulb-apparatus,  and  must  be 
weighed  with  it.  This  tube  serves  to  prevent  moisture  from  being 
carried  away  from  the  apparatus  during  the  combustion.  The  Geiss- 
ler bulbs  with  the  calcium  chloride  are  shown  in  fig.  91  (ft) :  they 
take  the  place  of  the  U -tubes  i  and  j  in  fig.  90.  A  second  larger 
calcium  chloride  tube  (c)  is  attached  to  the  small  tube  in  order  to  pre- 
vent its  contents  from  absorbing  moisture  from  the  atmosphere. 

651.  The  Combustion  Apparatus  is  fitted  up  as  follows. 
— ^About  two-thirds  of  the  combustion-tube  (644)  are  filled 
with  granular  copper  oxide  (647)*  the  oxide  being  compactly 
shaken  together  (/,  fig.  90).     The  oxide  is  kept  in  its  place  by 
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means  of  coiled  cy lindei^  of  oopper-gauze  placed  before  and 
behind  it.  Eacfa  of  these  cylinders  ia  made  by  tightly  coiling 
a  strip  of  copper-gauze ;  it  ia  about  an  inch  in  length,  and  is 
of  such  diameter  that  it  just  passes  into  the  combustion-tube. 
Sufficient  space  uiust  be  left  in  the  tube  for  the  iusertion  of 
the  «lver-rod  {g\  the  boat  (e),  and  the  diffusion  plug  {d}. 


The  tube  ia  now  Uud  on  the  asbeetos  in  the  iron  trough  of 
the  combuBtton-fumace,  with  its  ends  projecting  about  an 
inch  and  a  half  from  the  furnace,  and  perforated  discs  of  sheet- 
irou  or  of  asbestos  millboard  are  pushed  upon  the  euds  of  the 
tube,  in  order  to  protect  the  corks  from  the  heat  of  the  furnace. 

The  silver-roll  (648)  is  then  introduced  (y). 

Fig.  si. 


Two  rubber  corks  are  now  selected  to  fit  the  ends  of  the 
oombustioa-tube.  One  cork  ia  perforated  to  receive  the  glass 
tube  of  millimetre  bore  (645) ;  it  is  then  inserted  into  tha 
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empty  end  of  the  combustion-tube,  and  is  connected  by  means 
of  rubber  tubing  with  the  purifying  apparatus  (642). 

The  other  cork  is  perforated  to  admit  the  bulbed-tube  at 
the  end  of  the  calciimi  chloride  tube  (649)  ;  this  tube  (h)  is 
inserted  so  as  to  project  through  the  cork  about  one-eighth  of 
an  inch.  The  cork  is  then  pushed  into  the  other  end  of  the 
combustion-tube. 

The  soda-lime  tubes  («,  j)  are  then  connected  in  succession 
with  one  another,  and  with  the  calcium  chloride  tube,  by 
means  of  rubber  joints,  the  soda-lime  in  each  of  these  tubes 
being  in  the  limb  which  is  nearer  to  the  tube  (h).  The  glass 
tubes  are  made  to  touch  one  another  within  the  rubber-joints, 
and  are  bound  with  copper  binding-wire  if  the  joints  are  not 
air-tight.  As  has  been  already  explained,  the  potash-bulbft 
with  guard-tube  (6)  may  take  the  place  of  the  sodarlime  tubes. 

652.  Now  proceed  to  Heat  the  Combustion-Tnbe,  con- 
taining the  copper  oxide  and  the  silver  cylinder,  to  redness 
for  at  least  half  an  hour  with  a  current  of  purified  air 
passing  through  it^  in  order  to  remove  all  combustible  matter 
and  moisture. 

If  the  copper  oxide  has  not  been  recently  used  in  the  tube 
for  a  combustion,  it  is  best  to  ascertain  that  its  contents  are 
no  longer  evolving  carbon  dioxide  or  steam,  by  attaching  the 
weighed  absorption-tubes  {h,  t,  j)  and  continuing  the  process 
of  heating  the  oxide  in  the  air-current  for  another  half-hour. 
The  tubes  are  then  reweighed,  and  should  have  undergone 
no  increase  in  weight  during  the  process.. 

For  this  purpose  weigh  the  tube  (h)  without  its  rubber 
caps  or  connections.  As  soon  as  the  weighing  is  finished, 
slip  a  little  piece  of  rubber  tube  closed  with  a  piece  of  glass 
rod,  upon  each  of  its  ends,  so  as  to  prevent  access  of  atmos- 
pheric air.  Then  weigh  the  tubes  (i)  and  (J)  separately,  and 
immediately  close  them  with  similar  caps,  unless  they  are  so 
constructed  that  by  turning  their  stoppers  contact  of  the  soda- 
lime  with  the  air  can  be  prevented  (143). 

Now  connect  these  tubes  with  one  another,  and  with  the 
combustion-tube,  as  is  shown  in  fig.  90 ;  and  regulate  the 
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speed  of  the  current  of  air  passing  through  the  apparatus, 
until  the  bubbles  follow  one  another  through  the  sulphuric 
acid  (a,  fig.  89,  p.  417)  at  such  a  rate  that  they  can  be  easily 
counted. 

Remove  the  absorption-tubes  after  they  have  been  in 
connection  with  the  combustion-tube  for  half  an  hour,  and 
again  weigh  them.  If  any  one  of  them  is  found  to  have 
increased  in  weight  more  than  a  few  milligrams,  the  above 
test  must  be  repeated. 

It  will  be  understood  that  the  above  process  of  preparing  and  testing 
the  combustion-tube  and  copper  oxide  need  only  be  applied  when  a 
new  combustion -tube  and  its  contents  are  used,  or  when  the  tube  has 
been  laid  aside  for  some  time.  A  series  of  combustions  may  ordinarily 
succeed  one  another  without  any  such  testing  being  necessary. 

653.  For  Practice  in  the  Combustion  Process,  weigh  out 
accurately  into  the  boat  about  0*25  gram  of  pure  crystallised 
cane-sugar,  which  has  been  recently  dried  in  the  steam-oven. 

Now  connect  the  parts  of  the  apparatus  together  (651) ; 
push  in  the  boat  with  the  sugar,  and  the  diffusion-tube ;  and 
ascertain  that  the  whole  is  air-tight  (144). 

The  presence  of  the  silver  or  copper  coil  {g)  in  the  combustion -tube 
during  this  combustion  is  unnecessary,  since  sugar  contains  no 
nitrogen ;  but  the  coil  need  not  be  withdrawn. 

Now  heat  the  copper  oxide  (/)  to  redness,  carefully  avoid- 
ing heating  the  boat  and  protecting  it  from  radiated  heat  by  a 
small  screen.  Start  a  slow  current  of  air  through  the  tube, 
allowing  the  bubbles  to  pass  at  such  a  rate  that  they  can  be 
easily  counted.  Then  extend  the  heating  to  the  boat  very 
gradrwUy,  so  as  to  avoid  a  rapid  evolution  of  gas  and  vapour 
from  the  sugar.     The  sugar  will  be  slowly  burnt  away. 

In  burning  some  substances,  a  current  of  oxygen  should  replace  the 
air  towards  the  end  of  the  process,  in  order  to  burn  off  traces  of  carbon  ; 
but  this  is  not  necessary  in  the  case  of  sugar. 

As  soon  as  the  whole  of  the  sugar  is  burnt,  the  current 
of  air  is  allowed  to  pass  slowly  for  fifteen  minutes,  in  order 
to  sweep  out  the  carbon  dioxide  and  steam  from  the  com- 
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bustion-tube,  and  to  reoxidise  the  metallic  copper  which  has 
been  formed  by  the  reduction  of  the  copper  oxide. 

If  any  water  condenses  in  the  end  (g)  of  the  combustion- 
tube,  it  may  usually  be  removed  by  shifting  the  screen  on 
the  end  of  the  combustion-tube,  so  as  to  allow  the  tube  to 
become  gently  heated  while  the  air-current  is  passing.  The 
water  must  be  all  transferred  by  evaporation  in  the  air- 
current  to  the  calcium  chloride  tube  in  this  way. 

The  absorption-tubes  are  then  detached  from  the  combus- 
tion-tube and  from  one  another,  and  their  contents  are  at 
once  shut  off  from  contact  with  the  atmosphere.  After  they 
have  stood  for  half  an  hour  near  the  balance-case,  in  order 
to  gain  the  temperature  of  the  air,  each  tube  is  weighed 
separately. 

The  increase  of  weight  of  the  calcium  chloride  tube  {h) 
gives  the  weight  of  water  which  has  been  produced  by  the 
combustion  of  the  sugar ;  from  this  the  weight  of  hydrogen 
in  the  sugar  can  be  calculated.  The  increase  of  weight  of 
the  soda-lime  tubes  (t,  j),  or  of  the  potash-bidbs  with  their 
guard-tube,  gives  the  amount  of  carbon  dioxide,  which  has 
'  been  produced  by  the  combustion  of  the  sugar ;  from  this  the 
weight  of  carbon  in  the  sugar  can  be  calculated. 

The  smaller  soda-lime  tube  {j)  serves  as  a  "guard-tube.'*  If  its 
weight  increases  daring  the  combastion,  either  the  contents  of  the 
first  tabe  (i)  are  not  absorbing  carbon  dioxide  satisfactorily,  and  require 
to  be  replaced  by  fresh  soda-lime,  or  the  combustion  has  been  carried 
on  too  rapidly.  In  either  case  the  guai'd-tube  will  probably  prevent 
the  loss  of  any  carbon  dioxide  which  has  passed  through  the  first  soda- 
lime  tube. 

The  Method  of  Calculating  the  Eesults  from  the  weights, 
which  have  been  obtained  by  an  organic  combustion,  is  shown 
below. 

Example. — In  a  particular  combustion,  0'4739  gram  of  pure  sugar 
was  burnt 

The  calcium  chloride  tube,  which  weighed  48*769  grams  before  the 
combustion,  gained  0'2763  gram  in  weight  by  absorbing  the  water 
formed  during  the  combustion. 

The  soda-lime  tube,  which  weighed  58  '4891  grams  before  the  com- 
bustion, gained  0*731  gram  in  weight  during  the  process. 
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0*27  6S 
Therefore  the  weight  of  hydrogen  in  the  sugar = — ^ —  =:  0*0807  gram : 

And  the  weight  of  carbon  in  the  8ngar=^'^^^^  ^=0*1994. 

Acooidingly  the  percentage  weight  of  hydrogen =?^??5^^i2?-6'47  : 

0'47o9 

And  the  pen^nuge  wightof  o«:bon=°iJ^=«H)8. 

Estimating  the  weight  of  oxygen  by  difference,  and  oomparing  the 
percentage  results  found  with  those  calculated  from  the  formula  for 
cane-sngar,  Gj^HsOu,  the  following  statement  is  the  result : — 


Theoretical. 

Found. 

Error. 

Carbon, 

42ao 

42*08 

-0-02 

Hydrogen, 

6*48 

6*47 

+0-04 

Oxygen,     . 

61*47 

51*45 

-0'02 

Note. — It  may  be  remarked  that,  owing  to  the  difficulty  of  removing 
moisture  entirely  from  the  substance,  the  apparatus  and  the  materials 
used  for  the  combustion,  the  percentage  of  hydrogen  which  is  obtained 
is  usually  somewhat  too  high :  whilst  the  imperfect  drying  of  the 
substance  and  a  slight  loss  of  carbon  dioxide  tend  to  make  the  per- 
centage of  carbon  too  low. 

Any  Incombagtible  Mrtieral  Matter  which  is  present  in 
an  organic  substance  will  remain  as  ash  in  the  boat.  Its 
weight  may  be  determined  by  weighing  first  the  boat  con- 
taining the  ash,  and  then  the  empty  boat. 

The  Presence  of  Nitrogen  in  the  organic  substance  leads 
to  the  possibility  of  nitrogen  oxides  escaping  with  the  pro- 
ducts of  the  combustion.  These  oxides  might  be  taken  up 
by  the  absorption-tubes,  and  would  then  lead  to  error. 

In  order  to  prevent  this,  the  coil  of  silver  or  copper  (648) 
is  introduced  into  the  front  of  the  combustion-tube  and  is 
kept  at  a  red  heat  during  the  combustion.  The  nitrogen 
oxides  are  thus  decomposed  into  oxygen  and  nitrogen,  and 
are  prevented  from  being  absorbed. 

A  more  satisfactory  method  consists  in  absorbing  the  nitrogen  oxides 
by  the  following  mixture : — ^A  strong  solution  is  prepared  from  K90rO4 
mixed  with  one-tenth  its  weight  of  ILjoifi^ ;  this  is  made  into  a  thick 
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paste  with  preoipitated  manganio  hydrate,  and  the  mixture  is  heated 
.antil  it  is  dry.  About  5  inches  of  the  front  of  the  combustion-tabe 
is  filled  with  this  granulated  mixture,  and  this  is  always  heated  to 
redness  while  the  preliminary  current  of  air  is  passing  through  the 
tube.  It  is  maintained  at  a  temperature  of  about  200°  G.  daring  the 
process  of  combustion. 

The  Halogen  Elements  present  in  an  organic  substance 
are  also  evolyed  during  the  combustion  in  a  condition  in 
which  they  may  remain  in  the  absorption-tubes.  They  should 
therefore  be  completely  absorbed  in  the  combustion-tube  itself 
"by  causing  them  to  pass  over  the  red-hot  silver  coil.  The 
copper  coil  is  useless  for  this  purpose. 

654.  A  Volatile  Solid  Organic  Substance  requires  to  be 
burnt  much  more  carefully  than  a  non-volatile  body  like 
sugiBur.  llie  substance  must  only  be  introduced  into  the 
rear  of  the  combustion-tube  after  the  front  part  of  the  tube 
has  been  heated  to  redness.  The  substance  must  then  be 
heated  very  slowly. 

In  order  to  assist  the  diffusion-plug  (645)  in  preventing  the  passage 
of  the  vaposr  backwards  against  the  direction  of  the  air-current,  a 
"mercury  valye"  may  be  inserted  between  the  combustion-tube  and 
the  purifying  apparatus  (fig.  90,  p.  422).  The  yalve  consists  of  a  smaU 
test  tube,  which  contains  half  an  inch  of  mercury  and  is  fitted  with  a 
doubly-j)erforat#d  cork. 

Through  one  perforation  a  bent  tube  passes,  the  lower  end  of  which 
curves  upwards  and  is  just  covered  by  the  mercury,  whilst  the  other  end 
is  connected  with  the  purifying  apparatus :  through  the  other  perfora- 
tion a  shorter  bent  tube  passes,  which  is  in  connection  with  the  00m- 
bustion-tube,  and  contains  a  plug  of  cotton-wool  to  prevent  mercury 
from  passing  over.  This  valve  checks  the  passage  of  any  gas  or  vapour 
out  of  the  combustion-tube  towards  the  purifying  apparatus. 


Combustion  of  a  Liquid  Substance  or  Gas. 

655.  A  Liquid  Organic  Substance,  if  it  is  neither  very 
volatile  nor  very  hygroscopic,  may  be  weighed  in  the  boat 
and  burnt  in  the  usual  way.     Or  it  may  be  weighed  in  a 
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small  glass  tube,  which  is  sealed  at  its  lower  end,  and  this 
may  be  loosely  closed  by  a  stopper  consisting  of  a  small  piece 
of  glass  rod  flattened  out  at  the  top:  this  tube  is  placed 
in  the  boat,  and  the  boat  is  pushed  into  the  combustion- 
tube. 

656.  A  Volatile  Oipmic  Liquid  is  weighed  in  a  little 
tube  with  a  capillary  opening,  and  this  is  introduced  into  the 
combustion-tube. 

The  little  tabe  is  made  by  drawing  out  a  short  piece  of  glass  qoiU- 
tiibing  into  capillary  bore  in  two  parts  about  a  quarter  of  an  inch 
apart.  One  of  the  capillaries  is  drawn  off  close  to  the  short  piece 
ortobe,  so  as  to  seal  it.  The  other  capillary-tube  is  then  broken  off 
at  a  distance  of  about  an  inch  and  a  quarter  from  the  sealed  tube 
(fig.  118,  a,  p.  610). 

Before  the  capillary-tube  is  broken  off,  the  little  piece  of  closed 
qnill-tube  into  which  it  opens  may  be  heated  to  redness  while  it  la 
being  constantly  rotated  in  the  flame,  and  may  be  expanded  into  a  bulb 
by  blowing  down  the  open  tube. 

The  empty  tube  is  first  weighed.  The  liquid  is  then 
introduced  into  it  in  suitable  quantity,  by  heating  the  tube, 
and  allowing  it  to  cool  with  the  end  of  the  capillary  im- 
mersed in  the  liquid.  The  end  of  the  capillary-tube  is  then 
sealed  in  the  flame,  and  the  tube  is  weighed  again.  Its  gain 
in  weight  will  give  the  weight  of  liquid  which  has  been 
taken. 

A  slight  scratch  with  a  file  is  made  near  the  end  of  the 
capillary,  in  order  that  it  may  be  easily  broken  off.  The 
end  is  broken  off  and  is  placed  together  with  the  bidb  in  the 
boat,  just  before  the  boat  is  pushed  into  the  combustion-tube. 
Diffusion  must  be  specially  guarded  against  (645,  654). 

657.  A  Very  Volatile  Substance  should  be  weighed  in  a 
special  tube  from  which  it  may  be  allowed  to  escape  as 
vapour  into  the  combustion-tube,  while  the  tube  containing 
the  liquid  is  itself  outside  the  furnace. 

A  convenient  form  of  tube  is  shown  in  fig.  92 :  it  is 
readily  made  from  a  piece  of  ordinary  glass  tubing.  The 
tube  is  weighed,  the  liquid  is  then  introduced,  both  ends  of 
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the  tube  are  sealed  np,  and  the  tube  is  weighed  again.  The 
tube  is  then  placed  either  in  a  dish  of  cold  water,  or  in  ice 
and  salt,  according  to  the  degree  of  volatility  of  the  liquid. 

When  the  combustion-tube  has  been  heated  to  redness, 
the  horizontal  end  (a)  of  the  bent  tube  is  opened,  and  is  at 
once  pushed  through  a  hole  in  the  cork  of  the  combustion- 
tube,  into  which  it  must 
fit  tightly.  ^'"-  »''• 

The  liquid  is  then 
allowed  to  rise  in  tem- 
perature and  evolve  its 
vapour,  which  will  pass 
into  the  combustion- 
tube  and  be  burnt.  As 
soon  as  the  liquid  has 
volatilised,  the  upright  end  (b)  of  the  tube  is  snapped  off, 
and  air  or  oxygen  is  passed  through  the  tube,  as  has  been 
already  described  (653). 

658.  Gaseous  Organic  Substances  are  burnt  by  passing 
them  in  known  volume  through  the  combustion  and  absorp- 
tion apparatus  which  has  been  described  for  solids  (651). 


Estimation  of  Nitbogxn  ik  an  Oboanig  Substancb. 

659.  Three  methods  for  the  estimation  of  nitrogen  in  an 
organic  substance  are  described. 

The  Soda-lime  Method,  which  consists  in  heating  the  sub- 
stance with  soda-lime  and  estimating  the  ammonia  which  is 
evolved  (660),  is  suitable  for  many  organic  substances. 

The  Kjeldahl  Method  (663)  depends  on  converting  the 
nitrogen  into  ammoniiun  sulphate  by  heating  the  substance 
with  strong  sulphuric  acid,  and  then  estimating  the  ammonia 
contained  in  the  sulphate.  This  process  can  be  rapidly 
carried  out,  and  is  frequently  used  for  the  estimation  of 
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nitrogen  in  organic  substances  generally,  and  especially  in 
manures  and  vegetable  products,  and  in  substances  which 
are  in  a  liquid  or  a  moist  condition. 

The  Dumas  Method  (665),  or  "  Absolute  Method,''  provides 
for  the  measurement  of  the  nitrogen  which  is  evolved  when 
the  substance  is  burnt  under  suitable  conditions  with  copper 
oxide.     It  is  applicable  to  all  nitrogenous  substances. 


ESTIlfATION  OF  NiTROGBN  BT  THE  SoDA-LlMB  MbTHOD. 

660.  This  process  cannot  be  applied  to  the  estimation  of 
nitrogen  in  nitro-compounds,  and  in  certain  other  bodies. 

The  substance  is  mixed  with  sodarlime,  and  the  mixture 
is  heated  to  dull  redness.  The  nitrogen  in  the  organic  body 
is  thus  evolved  as  anunonia  gas,  which  may  be  estimated  in 
one  of  the  two  following  ways.  The  second  is  the  more 
exact,  but  it  is  more  tedious  in  execution  than  the  first. 

(1)  The  ammonia  may  be  absorbed  in  a  known  volume  of 
standard  acid,  the  amount  of  acid  remaining  unneutralised 
being  afterwards  determined  by  standard  sodium  hydrate 
solution  (661). 

(2)  The  ammonia  may  be  absorbed  in  excess  of  dilute 
hydrochloric  acid,  the  ammoniiun  chloride  thus  produced 
being  then  precipitated  as  the  double  chloride  of  ammonium 
and  platinum,  and  weighed  as  such  (662). 


661.  The  Ammonia  is  absorbed  in  an  excess  of  Standard 
Add  and  is  Estimated  Volmnetrically. 

The  following  materials  are  required  for  the  process. 

(a).  A  Combusiion-tube  about  18  inches  long  and  five- 
eighths  of  an  inch  in  internal  diameter,  which  has  been 
closed  at  one  end  and  has  had  the  sharp  edges  of  the  other 
end  roimded  off  in  the  flame  for  the  reception  of  a  cork. 

(b).  A   Will-and'Varrenfrapp  Bvlb4ubey  which  is  fitted; 
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into  the  open  end  of  the  combustion-tube  by  means  of  a 
tightly-fitting  perforated  cork  (fig.  93).  The  end  of  the  bidb- 
tube  projects  about  one-eighth  of  an  inch  through  the  cork. 

(c).  Soda4ime  both  in  a  state  of  fine  powder  and  in  a 
granular  condition  (142).  The  soda-lime  must  be  heated  in 
a  dish  over  a  sand-bath  so  as  to  be  perfectly  freed  from 
moisture  and  from  ammonia;  and  the  powder  and  the 
granular  substance  should  then  be  kept  in  separate  well- 
stoppered  bottles. 

(d).  Fibrous  Asbestos,  which  has  been  ignited  in  a  porcelain 
or  platinum  crucible. 

(e).  Oxalic  Add,  which  has  been  heated  in  the  steam-oven 
until  all  its  water  of  crystallisation  has  been  expelled. 

For  Pradice  in  the  Process,  weigh  out  carefully  about 
0*3  gram  of  pure  dry  urea,  CONjH^,  or  of  pure  dry  acetani- 
lide,  CgHgON.  Hold  the  perfectly  clean  and  dry  combustion- 
tube  in  a  vertical  position,  with  its  closed  end  resting  on  a 
square  of  glazed  paper.  Introduce  into  the  tube  a  layer  of 
the  dried  oxalic  acid  about  an  inch  in  depth  (fig  93,  a).  Next 
add  1^  inches  of  the  dry  powdered  sodsrlime  (6). 

Then  turn  out  the  weighed  quantity  of  urea  into  a  clean, 
dry,  porcelain  mortar,  reduce  it  to  powder,  and  add  sufficient 
finely-powdered  soda-lime  to  fill  about  4  inches  of  the  com- 

FiG.  98. 
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CcmbustioTi  -furnace 


bustion  tube.  Thoroughly  mix  the  urea  with  the  sodarlime  in 
the  mortar,  and  pour  the  mixture  into  the  tube  through  a 
f  imnel  made  by  rolling  round  a  piece  of  glazed  paper.  When 
all  the  mixture  has  been  transferred  to  the  tube,  rinse  out 
the  mortar  with  a  little  fresh  soda-lime  powder,  and  pour 
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this  also  into  the  oombiistion-tube.  The  mixture  and  rinsings 
should  fill  the  part  of  the  tube  shown  by  special  shading  (c). 

Now  fill  in  about  9  inches  of  the  granular  soda-lime  {d)^ 
and  finally  push  in  a  loose  plug  of  the  ignited  asbestos  (e). 

After  the  introduction  of  the  asbestos,  about  three-quarters 
of  an  inch  of  the  tube  should  remain  clear.  Tap  the  whole 
length  of  the  tube,  held  in  a  horizontal  position,  upon  the 
bench,  to  make  sure  that  there  is  a  free  passage  along  the 
upper  part  of  the  tube  for  the  evolved  gases. 

Note, — If  the  salwtanoe  to  be  barnt  is  hygroscopic  or  volatile  it 
should  be  mixed  with  the  powdered  soda-lime  in  the  combostioii-tube 
instead  of  In  the  mortar.  For  this  purpose  a  long  wire,  shaped  like  a 
cork-screw  at  its  end,  is  used. 

Now  measure  out  15  c.c.  of  normal  sulphuric  acid  (235) 
into  the  bulb-tube,  by  means  of  a  fine  pipette.  Add  a  little 
water  to  make  up  the  liquid  to  the  level  shown  in  the  figure. 
Connect  the  bulb-tube  with  the  combustion-tube  by  means  of 
the  cork  and  make  sure  that  the  joint  is  gas-tight. 

The  tube  is  now  ready  to  be  heated.  Lay  it  upon  the 
asbestos  in  the  trough  of  a  combustion-furnace,  with  the 
end  (e)  extending  about  an  inch  beyond  the  end  of  the  fur- 
nace. Slip  upon  this  end  of  the  tube  a  circular  piece  of 
sheet-iron  or  asbestos  cardboard  about  3  inches  in  diameter, 
and  perforated  in  its  centre  so  as  to  fit  the  combustion-tube. 
This  will  shield  the  cork  from  the  direct  heat  of  the  furnace, 
and  will  prevent  it  from  being  charred. 

Now  light  the  burners  under  the  portions  (d)  and  (e)  of 
the  tube,  and  heat  them  to  dull  redness.  Then  gradually 
extend  the  heat  along  the  mixture  (c).  The  intervention  of 
the  portion  (6)  will  prevent  the  oxalic  acid  (a)  from  being 
heated  but  it  is  better  to  insure  this  by  screening  the  acid 
with  a  piece  of  sheet-iron  or  asbestos  millboard. 

When  the  portions  (c),  (d),  and  (e)  are  at  a  dull-red  heat, 
and  all  evolution  of  gas  has  ceased,  heat  the  oxalic  acid  at  (a) 
gently.  The  gases  thus  evolved  will  drive  out  any  anmionia 
gas  which  is  still  present  in  the  tube,  and  will  secure  its 
absorption  by  the  standard  acid. 
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Instead  of  sweeping  the  ammonia  ont  of  the  combustion -tnbe  by  heat- 
ing some  oxalic  add,  the  tube  may  be  drawn  oat  to  a  narrow  sealed 
end  :  at  the  end  of  the  process  the  sealed  tip  is  broken  off  and  a  stream 
of  air  Lb  drawn  through  the  oombnstion-tabe  by  applying  suction  at 
the  open  end  of  the  absorption  vessel. 

Care  must  be  taken  that  no  drops  of  liquid  remain  between 
the  asbestos  (e)  and  the  cork,  since  ammonia  would  be  dis- 
solved by  this  liquid.  If  drops  are  seen,  gradually  push  the 
tube  further  into  the  furnace,  so  as  to  evaporate  the  liquid. 

Now  pour  the  acid  from  the  bulb-tube  into  a  beaker,  and 
rinse  out  the  bulbs  several  times  into  the  beaker.  Titrate 
the  acid,  which  remains  unneutralised  by  ammonia,  with 
normal  sodium  hydrate  solution  (239),  using  cochineal  or 
methyl-orange  as  an  indicator :  and  ascertain  by  difference 
the  amount  of  acid  which  has  been  neutralised  by  the 
ammonia.  Each  c.c.  of  acid  which  has  been  neutralised  by 
the  ammonia  corresponds  to  0*014  gram  of  nitrogen. 

It  mnst  be  remembered  that»  unless  some  free  acid  remains  in  the 
bulb-tube  at  the  end  of  the  combustion,  ammonia  may  have  passed 
nnabsorbed  through  the  bulbs.  The  addition  of  a  small  quantity  of 
cochineal  solution  (227)  to  the  acid  in  the  bulbs,  before  the  combustion 
is  started,  will  serve  to  indicate  whether  any  add  remains  unneutralised 
after  the  combustion  is  finished. 

(i(S2.  The  Ammoma  is  Absorbed  in  Excess  of  Dilate 
Hydrochlorie  Add,  and  is  Precipitated  as  (^[IL^)^tCl^. 

The  preparation  and  heating  of  the  combustion-tube  is 
carried  out  precisely  as  is  described  above  (661);  but 
hydrochloric  acid  diluted  with  four  times  its  volume  of 
water,  instead  of  normal  sulphuric  acid,  is  introduced  into 
the  absorption-bulbs. 

After  the  combustion  is  finished,  the  acid  solution  of 
ammonium  chloride  is  transferred  from  the  bulbs  to  a  dish, 
and  is  mixed  with  excess  of  pure  platinum  chloride  solution ; 
the  ammoniimi  platinum  chloride  is  then  estimated  as  is 
described  in  paragraphs  136  and  138. 

The  weight  of  nitrogen  contained  in  the  double  chloride, 
and  the  percentage  of  nitrogen  in  the  organic  substance,  are 
then  calculated. 

2e 
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Instaad  of  weighiog  the  doable  chloride  as  stich,  the  aalt  may  be 
igDited  and  the  residual  platinam  weighed :  the  weight  of  nitrogen 
originally  present  in  the  double  chloride  is  then  calculated  from  the 
weight  of  platinum  fonnd.  This  method  may  follow  the  weighing  of 
the  double  ehloride,  and  its  result  may  serve  as  a  check  upon  the 
result  already  obtained  from  weighing  the  salt. 


Estimation  of  Nitbooen  bt  Kjbldahl's  Pboobss. 

663.  This  process  is  suitable  for  dry  or  moist  solids  and 
for  liquid  bodies. 

The  substance  is  first  heated  with  strong  sulphuric  acid, 
free  from  nitrogen  compounds.  The  nitrogen  of  the  organic 
body  is  thus  converted  into  ammonium  sulphate. 

The  acid  solution  is  then  heated  with  excess  of  sodium 
hydrate.  The  ammonia,  thus  evolved,  is  either  absorbed  in  a 
known  volume  of  standard  acid  and  determined  volumetri- 
cally,  or  it  is  precipitated  as  ammonium  platinum  chloride 
and  determined  gravimetrically. 

Any  nitrate  present  in  the  original  substance  must  be 
removed  by  evaporation  to  dryness  with  hydrochloric  acid 
and  ferrous  sulphate,  before  the  substance  is  heated  with  the 
strong  sulphuric  acid. 

Strong  Sulphuric  AeifJ,  free  from  ammonium  sulphate  and 
from  oxides  of  nitrogen,  is  required  for  the  process.  The 
freedom  of  the  acid  from  these  substances  can  be  ascertained, 
y  making  a  blank  experiment  as  is  described  below  (664), 
asing  sugar  instead  of  urea.  This  experiment  should  yield 
no  ammonia. 

664.  For  Practice  in  the  Estimation,  weigh  out  0*7  gram 
of  pure  dry  urea  or  acetanilide  into  a  round-bottomed  flask 
of  about  200  c.c.  capacity,  and  pour  in  20  c.c.  of  the  sul- 
phuric acid.  Heat  the  liquid  nearly  to  boiling  for  an  hour. 
Then  add  8  grams  of  dry  powdered  potassium  sulphate,  and 
continue  the  heating. 
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The  solution  of  the  potassium  snlphRte  in  the  acid  raises  the 
temperatore  to  which  the  acid  may  be  heated  without  boiling,  and 
renders  it  possible  to  heat  the  liquid  sufficiently  to  complete  the 
necessary  changes  in  the  organic  substance.  The  orgiinic  substance 
usually  causes  the  liquid  to  become  dark-coloured  before  the  potassium 
sulphate  is  added,  but  the  liquid  becomes  almost  colourless  as  the 
reaction  becomes  complete  after  the  addition  of  the  sulphate. 

By  this  treatment  all  the  nitrogen  of  the  urea  is  converted 
into  ammonium  sulphate.  The  ammonia  is  then  expelled 
from  this  ammoniiim  sulphate  and  is  absorbed  in  either  of 
the  following  ways  (1)  or  (2). 

(1).  The  cold  acid  liquid  in  the  flask  is  diluted  with  water. 
A  moderate  excess  of  sodium  hydrate,  dissolved  in  three  times 
its  weight  of  water,  is  then  added ;  the  flask  is  fitted  with  the 
absorption  apparatus  described  in  paragraph  138,  and  the 
anmionia  is  expelled  and  absorbed  as  is  there  described. 

(2).  Sodium  hydrate  solution  (1)  is  added  in  excess  to  the 
sulphuric  acid  in  the  digestion  flask,  and  the  bent  delivery-tube 
from  the  flask  is  connected  with  a  vertical  condenser  (fig.  94, 
p.  436,  and  par.  811).  The  lower  end  of  the  condenser-tube  is 
then  attached  by  means  of  a  perforated  cork  to  a  test-tube,  in 
the  bottom  of  which  an  opening  has  been  blown  while  the  glass 
is  heated  to  redness.  The  bottom  of  the  test-tube  just  dips 
into  the  absorbent  acid  in  the  receiving-flask.  The  ammonia  is 
then  driven  over  into  the  acid  by  boiling  the  alkaline  solution. 

The  ammonia  may  be  carried  over  into  the  acid,  by  passing 
a  current  of  steam  from  a  separate  vessel  through  the  alkaline 
liquid,  as  is  shown  in  fig.  94,  instead  of  by  boiling  it.  For 
this  purpose  the  acid  liquid  should  be  poured  from  the 
digestion-flask  into  a  flask  of  greater  capacity.  100  c.c.  of 
sodium  hydrate  solution,  containing  357  grams  of  sodium 
hydrate  per  litre,  are  then  carefully  poured  down  the  inside 
of  the  flask  without  being  allowed  to  mix  with  the  acid 
liquid.  The  alkaline  solution,  thus  introduced,  is  more  than 
sufficient  to  neutralise  the  acid.  The  apparatus  is  then  con- 
nected together  (fig.  94),  and  steam  is  blown  through  the 
liquid  in  the  large  flask.     The  steam  mixes  together  the  acid 
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aod  the  alkaline  liquide,  raises  the  temperature  of  the  mixture^ 
and  cairiea  over  the  ammonia  into  the  condenser,  and  thence 
into  the  absorbent  acid. 

The  ammonia  may  either  be  received  in  a  known  volume 
of  standard  acid,  the  unneutralised  exceos  of  which  ia 
titrated  after  the  absorption  (139) ;  or  it  may  be  absorbed 
in  an  exoesa  of  dilute  hydrochloric  acid,  and  then  e8timat«d, 
M  is  deooribed  in  paragraph  138,  by  oonTersion  into  the 
donble  chloride  of  ammonium  and  platinum. 
Fio.  M. 


Example.  — Tha  roUowing  at«  the  partiealin  of  an  ettinwtton. 

0*8  gnm   of  impure  hks  »m  weighed  oat,  and  was  tnatcd  h  la 

deacribed  above. 
The  reanlting  ammonia  wai  abeorbed  in  100  cc  of  nonnal  eal* 

phtuioacid. 
This  iolotion  was  made  np  to  260  cc,  and  was  than  added  fram  a 

burette  to  10  0,0.  ot  a  aodinni  bydrate  eolal-on,  which  cor- 

reapondt  to  10*08  c.c  of  tha  normal  eolation. 
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84  cc.  of  the  acid  solution  were  required  to  neutralise  this  alkali. 
Therefore  the  volume  of  acid  not  neutralised   by  the  ammonia 

^  10:08x260^  ,8-76  CO. 
84 

And  the  volume  of  aoid  neutralised  by  the  ammonias  100 -78*76 
=26*24  0.0. 

Since  each  cc.  of  the  normal  acid  corresponds  to  0*017  gram  of  NUs, 
containing  0*014  gram  of  N, 

Therefore   the   weight   of  nitrogen    in    the    urea3  26*24xOH)14 
=0*86786  gram. 

And  the  percentage  of  nitrogen  in  the  uroa=^'^^^^f^  ^^=4S*»a.  ] 

U'o 


Estimation  of  Nitrogen  bt  Dumas'  Method. 

665*  This  method  depends  upon  the  measurement  of  the 
volume  of  the  nitrogen,  which  is  evolved  by  the  combustion  of 
the  substance.  It  is  applicable  to  the  analysis  of  all  oiganio 
compounds  containing  nitrogen. 

The  organic  substance  is  heated  with  copper  oxide  in  an 
atmosphere  of  carbon  dioxide  gas.  The  constituent  elements, 
nitrogen,  carbon,  and  hydrogen,  are  then  evolved  as  nitrogen, 
carbon  dioxide,  and  steam  respectively.  These  products  are 
passed  through  cold  strong  potassium  hydrate  solution  into 
the  measuring-vessel,  in  which  the  nitrogen  alone  collects  in 
the  gaseous  condition.  The  volume  of  gas  thus  obtained  is 
corrected  for  temperature  and  pressure,  and  its  weight  is 
calculated. 

The  following  materials  are  required  for  the  process. 

(a).  A  Gomimstum'tube,  from  one-half  to  five-eighths  of  an 
inch  in  diameter,  and  27  inches  in  length.  The  tube  is 
cleansed  and  dried,  and  is  then  sealed  at  one  end  by  drawing 
it  out  in  the  blowpipe  flame ;  the  other  end  has  its  edges 
rounded  in  the  flame  for  the  reception  of  a  cork. 

(b).  Sodium  Bicarbonate^  pure  and  dry.  The  bicarbonate 
which  has  been  prepared  by  the  ammonia-soda  process  is 
not  suitable,  since  it  often  contains  ammonia. 
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(c).  Copper  Oxide,  recently  ignited,  both  in  the  powdered 
and  granular  condition.  The  oxide  must  have  been  prepared 
by  the  oxidation  of  metallic  copper,  since  when  it  has  been 
prepared  from  copper  nitrate  it  frequently  contains  nitrogen. 

(d).  A  RoU  of  Copper  FoU,  or  of  copper  gausse,  about  3 
inches  in  length,  and  of  such  diameter  as  just  to  fit  the  com- 
bustion-tube. Before  using  the  coil,  its  surface  should  be 
freed  from  organic  matter  and  rendered  metallic  by  being 
first  ignited  in  a  current  of  air  and  then  in  a  stream  of 
hydrogen  gas. 

This  result  may  be  more  readily  attained  by  holding  the  oopper-roU 
with  cnicible  tongs,  heating  it  to  redness  in  the  tip  of  a  large  blowpipe- 
flame,  and  then  dropping  it,  while  still  red-hot,  into  a  little  methyl 
alcohol  contained  in  a  large  test-tube. 

For  Practiee  in  the  Process,  weigh  out  0*1  gram  of 
pure  dry  urea.  Introduce  into  the  end  of  the  combustion- 
tube  (fig.  93,  p.  431)  a  layer  of  the  sodium  bicarbonate  (b), 
about  6  inches  in  length,  and  then  about  2  inches  of  the 
powdered  copper  oxide  (c).  Make  each  layer  settle  down  com- 
pactly by  tapping  the  tube  while  it  is  in  a  vertical  position. 

Now  mix  the  urea  intimately  with  some  of  the  finely- 
powdered  copper  oxide  (c)  in  a  mortar,  and  introduce  the 
mixture  into  the  tube.  Rinse  out  the  mortar  with  a  little 
fresh  copper  oxide,  and  pour  this  also  into  the  tube.  The 
mixture  and  rinsings  should  occupy  about  6  inches  of  the  tub^ 
after  they  have  been  rendered  compact  by  tapping  the  tube. 

The  mixing  of  the  substance  with  the  powdered  copper  oxide  is  more 
easily  effected  in  the  tube  than  in  the  mortar,  by  using  a  }ong  wire 
bent  into  a  corkscrew  shape  at  its  end. 

Next  add  a  layer  of  about  10  inches  of  the  granular  copper 
oxide,  and  then  push  in  the  copper  roll.  Tap  the  whole 
length  of  the  tube,  held  in  a  horizontal  position,  upon  the 
bench,  so  as  to  form  a  frea  passage  along  the  upper  part  for 
the  evolved  gases.  Attach  a  bent  delivery-tube  by  means  of 
a  perforated  rubber-cork  (fig.  95,  p.  440),  and  slip  upon  the 

-^  of  the  combustion-tube  a  perforated  piece  of  asbestos 
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cardboard  in  order  to  prevent  the  charring  of  the  cork.  The 
tube  is  now  ready  for  the  combustion  process. 

Lay  the  combustion-tube  in  the  trough  of  the  combustion- 
furnace,  and  proceed  to  heat  the  granular  layer  of  copper 
oxide  in  the  front  of  the  tube.  At  the  same  time  gently 
heat  the  front  half  of  the  sodium  bicarbonate. 

When  the  evolution  of  carbon  dioxide  has  continued  for 
some  time,  test  the  gas  by  collecting  it  in  a  vessel  containing 
solution  of  potassium  hydrate,  in  order  to  see  if  it  is  free 
from  air. 

For  this  purpose  the  gas  may  be  passed  into  the  special  oollecting 
apparatus,  the  construction  and  use  of  which  are  described  in  par.  666. 

If  this  apparatus  is  not  at  hand,  the  end  of  the  delivery -tube  is 
dipped  just  beneath  the  surface  of  mercury  contained  in  a  troughi  and 
a  small  test-tube,  one-third  of  which  is  filled  with  mercury  and  the 
remainder  with  potassium  hydrate  solution,  is  supported  over  the  end 
of  the  delivery-tube. 

If  each  bubble  of  gas  from  the  combustion-tube  is  com- 
pletely absorbed  by  the  potassium  hydrate  solution,  all  the 
air  has  been  expelled  from  the  tube.  If  the  bubbles  are  not 
completely  absorbed,  continue  to  heat  the  sodium  bicarbonate, 
until  the  carbon  dioxide  has  entirely  expelled  the  air.  Not 
more  than  half  the  bicarbonate  must  be  heated  for  this  purpose. 

Now  proceed  to  arrange  the  apparatus  for  the  collection 
of  the  nitrogen,  which  is  evolved  during  the  combustion. 

If  the  special  form  of  apparatus,  just  referred  to,  is  employed,  it 
will  be  already  in  position,  and  it  will  only  be  necessary  to  remove  any 
air  from  the  iuterior,  and  to  proceed  as  is  directed  in  par.  666. 

As  a  substitute  for  this  apparatus,  a  graduated  tube  of  150  c.c. 
capacity,  two-thirds  of  which  are  filled  with  mercury,  and  the  re- 
mainder with  a  concentrated  solution  of  potassium  hydrate,  may  be 
securely  clamped  over  the  end  of  the  delivery-tube  in  the  mercury 
trough  (fig.  95).     The  tube  may  be  filled  and  inverted  as  follows. 

Introduce  the  necessary  quantity  of  mercury  into  the  inverted  tube, 
and  remove  any  air-bubbles  which  adhere  to  the  interior.  Then  pour 
in  the  potash  solution  until  it  reaches  to  within  a  quarter  of  an  inch  of 
the  top,  and  carefully  add  water  until  the  tube  is  quite  full.  Slide  a 
glass  plate  over  the  mouth  of  the  tube,  and  invert  the  tube  with  its 
mouth  under  the  mercury  in  the  trough.  Then  withdraw  the  glass 
plate,  and  support  the  tube  securely  over  the  end  of  the  delivery-tube. 
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In  this  way  contact  of  tbe  potash  solutioa  with  the  fingen  may  ha 
tToided,  siDce  the  lower  speciGc  grsTit;  of  the  wat«r  canae*  it  to  float 
on  the  potaiainm  hydrate  soIntioD. 

Ab  soon  as  the  collecting  apparatuB  has  been  duly  arranged, 
and  the  front  part  of  the  combustion-tube  ooutaining  the 
copper  oxide  and  the  copper-coil  has  been  heated  to  redneaa, 
gradually  heat  the  mixture  oontaining  the  substance,  from 
the  front  backwards. 

When  the  evolution  of  gas  from  the  delivery-tube  has 
altogether  ceased,  beat  the  remainder  of  the  sodium  bicar^ 
bonate  at  the  end  of  the  combuation-tube.    The  carbon 

Fiu.86. 


dioxide  thus  evolved  will  sweep  out  the  nitrogen  which 
remains  in  the  combustion-tube.  Now  shake  the  gas  col- 
lected in  the  tube  in  order  to  bring  it  into  contact  with  the 
caustic  potash  solution,  and  remove  any  carbon  dioxide  which 
may  have  escaped  absorption. 

When  the  volume  of  the  gas  undergoes  no  further  decrease, 
it  is  read  off  with  the  following  precautions,  and  represents 
the  nitrogen  evolved  from  the  organic  substance. 
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If  the  special  ooUecting  apparatus  has  been  used,  the  process  of 
reading  off  the  volnnie  of  nitrogen  is  conducted  as  is  directed  in 
par.  666. 

If  the  gas  has  been  collected  as  is  shown  in  fig.  96,  the  measnring- 
tube  is  remoTcd  by  means  of  a  small  porcelain  dish  filled  with  mercury, 
and  is  placed  in  a  large  cylinder  of  water,  which  should  be  at  the 
temperature  of  the  laboratory.  The  mercury  and  caustic  potash 
solution  are  allowed  to  fall  out  of  the  measnring-tube  into  the  water, 
and  the  measuring-tube  itself  is  entirely  immersed  in  the  water. 

As  soon  as  the  nitrogen  has  gained  the  temperature  of  the  water, 
the  measuring-tube  is  raised  until  the  water  is  at  the  same  leyel  both 
outside  and  inside  the  tube,  and  the  volume  of  the  gas  is  then  read  off. 

As  soon  as  the  volume  of  the  nitrogen  has  been  read, 
take  the  temperature  of  the  surrounding  water  or  air,  and 
the  barometric  pressure,  and  calculate  the  weight  of  the 
nitrogen  from  these  data  by  means  of  the  following  formula 

(681-685)  :— 

Weight  of  N=^^(P;g^;j,V^O^^^^^gnan. 
®  760x(273  +  <)  ® 

where  t;=:  volume  of  nitrogen  in  c.c. ; 

<= temperature  of  the  water ; 

j9= barometric  pressure,  reduced  to  0* ; 

tff=the  tension  of  aqueous  vapour  at  f  ; 

0*001258  =  the  weight  in  grams  of  1  c.c.  of  N  under 

normal  conditions. 

In  order  to  be  able  to  correct  the  result  obtained  for  certain 
unavoidable  errors,  the  above  process  should  be  carried  out 
with  an  organic  substance  which  contains  no  nitrogen.  Pure 
sugar  may  be  used  for  the  purpose.  This  blank  experiment 
will  determine  the  amount  of  nitrogen  which  is  introduced  in 
various  ways  during  the  process.  The  volume  of  gas  which 
is  obtained  in  this  experiment  should  not  exceed  1  c.c. ;  it 
m\ist  be  deducted  from  the  volume  of  nitrogen  obtained  in 
each  estimation  before  the  percentage  weight  is  calculated 
from  that  volume. 

666.  A  Special  Form  of  Apparatus,  in  which  the  nitrogen  may  be 
both  collected  and  measured,  is  represented  in  fig.  96.     It  consists  of  a 
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gndtutod  IDO  cc.  bnntte  {A.),  which  ii  snpporl«d  in  «  hMTy  foot, 
and  h  farniihed  *t  thg  top  with  ■  stop-cock  (e)  which  shoQld  b« 
labricated  with  Tueline.  The  bnretla  i«  ooaoecUd  bj  a  side-tnbe  (a) 
with  a  resonoir  (B)  bj  mecDs  of  a  flexible  robber  tube  which  bae  been 
•oaksd  in  meltad  parafEu-waz.  A  McaaU  aide-tuba  (6)  is  connected 
with  the  bar«tte,  at  s  poiut  about  an  inch  and  a  half  lower  down  than 
the  Gnt  (a).     Thie  tube  ia  inclined  upwards. 

Herciiry  i*  poured  in  throDgh  the  lower  side-tube  (b)  until  it  riara 

about  a  quartor  of  au  inch  above  the  joint,  and  the  tube  ia  then  closed. 

The  Teaerroir  (B)  is  now  charged  with  a  solution  of  potassium  hjrdrat*, 

praparad  b;  dissolving  the  solid  in  su  equal  weight  of  water.     The 

stop-cock  («)  is  opened,  and  the  reservoir  ia  raised  until  the  potash 

solution  Gils  the  burette.    The  stop-cock  is  uow 

Fio.  OS.  elosed,  and  the  reservoir  ia  lowered  and  is  fixed 

by  the  clamp  near  tlis  tiottom  of  the  burette. 

The  side-tube  (b)  is  now  opened,  aud  the  deli- 
verj-tube  from  Uie  combustion  apparatus  ia 
psraed  through  it  into  the  burette,  u  toon  aa 
the  rarbon  dioxide  which  escapes  during  the  pre- 
liniiuary  heating  of  the  sodium  bicarbonate  is 
belieTed  to  be  free  from  air.  The  eutil* 
freedom  of  the  gas  from  air  ia  proved  by  the 
complete  absorption  of  each  bubble  b;  th» 
Botutiou  of  alkali  in  the  burette. 

When  each  bubble  is  cQnipletel7  absorbed,  the 
air  is  expelled  from  the  burette  (A)  through  the 
stop-cock  (e)  by  raising  the  rcaervoir  (B),  the 
proeen  of  combustion  is  proceeded  with,  nod  all 
gas  which  is  evolved  dnring  the  eombuttion 
ia  collected  in  the  burette  (A). 

As  Boou  as  the  evolution  of  gaa  oeMea,  the 
nitrogen  is  swept  out  from  the  combuatioQ-tabe 
by  the  catlwii  dioxide  wliich  ia  expelled  by  heat- 
ing the  residual  bicarbonate,  the  delivei^-tabe 
I   ia  withdrawn  from  the  side-tube  (i)  and  the 
side- tube  is  again  closed. 
The  gas  is  then  allowed   to  atand  in   the 
burette  for  about  an  hour  in  order  that  the  absorption  of  the  carbon 
dioxide  may  be  complete.     The  Tolume  of  the  nitrogen  is  now  road, 
after  the  reservoir  has  been  rueod  snfficiently  to  bring  the  surface  of 
the  liquid  in  it  to  the  same  level  as  that  in  the  burette :  the  tempera- 
ture of  the  surrounding  sir  aud  its   pressure  are  also   read-      The 
Tolnme  will  require  to  be  corrected  for  temperature  and  preaaare  only 

by  the  formula  on  page  Hi,  since  the  gas  is  free  from  r"' -' 

w=0. 
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Estimation  of  Chlorinb,  Bromine,  and  Iodine  in 

AN  Organic  Substance. 

667*  Two  methods  are  here  described,  in  both  of  which 
the  halogen  is  ultimately  weighed  in  combination  with  silver. 

In  the  first  process  (668)  the  substcmce  is  burnt  with  lime, 
or  with  soda-lime,  and  the  calcium  halogen  salt  thus  pro- 
duced is  dissolved  out  and  precipitated  by  silver  nitrate 
solution. 

In  the  second  process  (670)  the  substance  is  decomposed 
by  heating  it  under  pressure  with  strong  nitric  acid  in  the 
presence  of  silver  nitrate  :  in  this  case  the  silver  halogen  salt 
is  directly  produced. 

The  first  method  is  the  more  generally  applicable,  but  the 
second  method  will,  as  a  rule,  be  found  the  more  convenient 
of  the  two. 

668.  Ignition  with  Lime,   or  with   Soda-lime.  —  The 

substance  is  heated  strongly  with  lime,  or  with  soda-lime  ; 
the  halogen  is  thus  obtained  in  combination  with  calcium. 

The  cool  mass  is  dissolved  in  nitric  acid,  excess  of  silver 
nitrate  solution  is  added  to  this  liquid,  and  the  halogen  is 
precipitated  and  weighed  in  combination  with  silver. 

The  process  is  rendered  somewhat  tedious,  by  the  necessity 
of  using  a  large  quantity  of  nitric  acid  to  neutralise  and  dis- 
solve the  alkaline  mass.  The  operations  of  filtration  and 
washing  the  precipitate  and  filter  become  therefore  somewhat 
lengthy. 

TJie  Lime  or  Soda-lime  which  is  used  for  the  combustion 
should  be  free  from  chloride.  If  it  contains  chloride,  the 
amount  of  chlorine  present  must  be  estimated  and  allowed 
for,  and  a  known  quantity  of  the  lime  or  soda-lime  must 
therefore  be  used  in  each  determination. 

Quicklime  is  readily  prepared  from  marble.  The  marble 
is  broken  up  into  small  pieces  of  similar  size  (142))  which  are 
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then  introduced  into  a  clay  cruoible,  and  heated  strongly  in 
a  muffle  or  in  a  wiud-fumace  for  several  hours.  The  lime 
is  removed  from  the  crucible  as  soon  as  it  is  cold,  and  is 
preserved  in  a  well-stoppered  bottle. 

Soda-lime  in  a  granular  condition  (Z42)  is  heated  strongly 
to  expel  moisture,  and  is  stored  in  a  stoppered  bottle. 

669.  For  Practice  in  theEdimation,  weigh  accuratelyabout 
0'2  gram  of  finely-powdered  chloral  hydrate,  CC1,CH(0H)^ 

Cleanse  a  piece  of  combustion-tube,  about  18  inches  in 
length  and  about  three-eighths  of  an  inch  in  diameter.  Close 
one  end  by  drawing  it  out  in  the  blow-pipe  flame,  and  fuse 
the  sharp  edges  of  the  open  end  in  the  flame. 

Fill  about  2  inches  of  the  tube  with  the  powdered  lime  or 
soda-lime,  and  add  the  weighed  substance. 

Now  introduce  another  2  inches  of  the  powdered  lime  or 
soda-lime  into  the  combustion-tube ;  and  mix  the  substance 
with  this  portion  by  pushing  down  into  the  tube  a  long 
bright  piece  of  wire,  which  is  bent  like  a  corkscrew  at  its 
end,  and  turning  this  wire  round  in  the  powder  and  sub- 
stance. Almost  fill  the  tube  with  granular  lime  or  soda- 
lime,  and  then  insert  a  loose  plug  of  asbestos. 

£ither  leave  the  end  of  the  combustion-tube  open ;  or  draw 
it  out  into  a  narrow  tube,  bend  this  obliquely,  and  immerse 
its  end  just  beneath  the  surface  of  some  water  contained  in 
a  small  beaker,  during  the  process  of  combustion  (fig.  65, 
p.  145). 

Now  lay  the  tube  in  the  trough  of  the  combustion  furnace, 
and  heat  the  front  portion,  containing  the  granular  lime,  to 
redness.  When  the  lime  is  red  hot,  gradually  extend  the 
heat  to  the  mixture.  Any  substance  which  escapes  com- 
plete decomposition  will  be  seen  in  the  water  in  the  beaker, 
and  may  be  tested  for  the  halogen. 

As  soon  as  the  decomposition  is  complete,  remove  the 
combustion-tube,  cut  off  its  narrowed  end,  and  transfer  its 
contents  to  a  beaker.  Rinse  out  the  tube  with  dilute  nitric 
acid  into  the  beaker  (Note  2).     Add  more  nitric  acid,  and 
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stir  until  the  lime  is  completely  dissolved.  Filter  off  any 
particles  of  carbon  and  glass,  and  add  an  excess  of  silver 
nitrate  solution.  Filter  off,  dry,  ignite,  and  weigh  the  pre- 
cipitate (113-I16). 

An  alternative  method  consists  in  neutralising  the  nitric 
acid  solution,  and  then  titrating  the  halogen,  which  it  con- 
tains, by  standard  silver  nitrate  solution  (304). 


I^oU  l.—JL  YoUtOe  Organic  Liqnid  is  dropped  into  the  oombnatlon- 
tabe  in  a  small  tube  or  bulb  with  a  capillaiy  opening  (656)  after  the 
fint  2  inches  of  lime  powder  have  been  introduced  ;  or  it  is  treated  n 
IB  directed  in  par.  657. 

Note  2. — If  Iodine  is  liberated  during  the  combustion,  it  must  be 
converted  into  hydriodio  add  by  means  of  sulphnrooa  acid,  befon 
the  nitric  acid  is  added. 

The  iodine  may  be  partially  converted  into  iodate  during  the  com- 
bustion, and  this  must  be  converted  into  iodide  by  adding  sodium 
sulphite  to  the  nitric  acid  solution  before  the  iodide  is  estimated  by 
silver  nitrate. 

670.  Oarius'  Method  for  Estimating  the  Halogens. — 

The  organic  substance  is  mixed  with  fuming  nitric  acid  and 
silver  nitrate,  and  the  mixture  is  then  heated  for  several 
hours  in  a  sealed  glass  tube.  The  halogen  is  thus  obtained 
in  combination  with  silver,  and  is  weighed  in  this  form. 

The  Process  of  Estimation. — Gut  off  a  piece  of  thickrWoMed 
Jenarglass  tube  or  combustion-tube,  about  20  inches  in  length. 
Seal  up  one  end  in  the  blowpipe-flame,  being  careful  to  make 
the  end  strong  and  round  in  shape,  and  to  anneal  the  glass 
well  by  allowing  it  to  cool  down  slowly,  finally  in  the 
limiinous  flame.     This  is  the  digestion-tube. 

For  practice  in  the  process  weigh  out  accurately  about 
0-2  gram  of  chloral  hydrate,  CClyCH(0H)2,  in  a  small 
weighed  piece  of  quill-tubing  not  less  than  an  inch  in  length, 
and  sealed  at  one  end. 

If  the  substance  is  a  volatile  liquid,  it  is  sealed  up  in  a  small  thin 
tube  (fig.  113,  a,  p.  510)  or  in  a  thin  bulb-tube.  The  bulb-tube  may 
be  made  from  a  thin-walled  ignition-tube,  three-sixteenths  of  an  inch 
in  diameter,  by  heating  its  closed  end  in  the  flame,  and  blowing  it 
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oat  into  a  balb  about  half  an  inch  in  diameter.  When  the  tube  is  cold 
it  is  weighed,  and  the  substance  is  introduced.  The  upper  part  of  the 
tube  is  then  drawn  off  and  sealed  by  holding  it  in  a  blowpipe-flame, 
and  the  two  parts  of  the  tube  with  the  inclosed  substance  are  weighed. 
The  gain  in  weight  of  the  tnbe  gives  the  amount  of  substance  taken. 
The  portion  of  the  glass  drawn  ofl*  from  the  bulb  is  weighed  at  once, 
and  the  weight  is  noted  down  for  subsequent  use  (p.  449). 

Introduce  into  the  digestion-tube  about  twice  as  much 
solid  silver  nitrate,  as  is  theoretically  required  to  furnish 
sufficient  silver  to  combine  with  the  halogen.  Then  pour  in 
2  c.c.  of  fuming  nitric  acid,  and  push  the  tube  containing  the 
substance  down  the  interior  of  the  digestion-tube  imtil  it 
reaches  within  2  or  3  inches  of  the  acid.  The  small  tube  will 
adhere  to  the  glass  surface,  owing  to  its  being  wet  with  nitric 
acid.  The  greatest  care  must  be  taken  not  to  allow  the 
acid  or  its  vapour  to  reach  the  substance.  If  the  sab- 
stance  is  contained  in  a  sealed  tube  or  bulb,  this  danger  is 
avoided. 

Now  draw  out  and  seal  the  open  end  of  the  digestion-tube. 
For  this  purpose  hold  the  tube  in  a  slanting  position,  so  that 
its  contents  remain  undisturbed  in  their  relative  positions,  and 
the  acid  does  not  reach  the  substance.  Gradually  heat  the 
tube  at  about  3  inches  from  its  open  end,  rotating  it  continu- 
ally in  the  flame,  until  its  sides  soften  and  thicken  and  begin 
to  fall  together.  Then  gradually  draw  off  the  upper  part, 
leaving  a  thick- walled  sealed  capillary  end,  which  is  annealed 
by  cooling  it  first  in  the  luminous  flame,  and  finally  in  the 
air. 

Now  wrap  the  tube  round  thickly  with  a  cloth,  or  inclose 
it  in  a  loosely-fitting  wrought-iron  tube  which  is  subsequently 
closed  with  a  screw-cap,  in  order  to  prevent  accident  if  the 
tube  should  burst  under  the  pressure  to  which  it  is  subjected. 
Tilt  the  tube  just  sufficiently  to  cause  the  acid  to  rinse  the 
small  tube  down  to  the  bottom  of  the  digestion-tube,  or  if 
the  substance  has  been  sealed  in  a  bulb-tube  break  the  bulb 
by  shaking  the  digestion-tube.  Then  heat  the  tube  in  the 
special  form  of  air-bath,  which  is  described  below. 

The  Air-bath  (fig.  97)  is  a  stout  sheet-iron  box  22  inches  in  length. 
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Four  ptMM  of  iron  gas-pipe,  open  st  both  eurU,  u)d  1)  inchM  in 
intemsl  diameter,  pus  through  holea  id  the  ends  of  the  boi.  Tho 
projecting  ends  of  these  pipea  have  ■  ecrew-thread  turned  on  their 
Eurfaoe,  md  a  lock-tint  is  ncreired  npon  each  of  them  in  order  to  keep 
the  tab«  in  position. 

A  oork  bouing  ■  thermometer  is  inserted  into  n  hole  in  the  top 
of  the  bath,  and  serves  to  register  the  temperature  of  the  interior. 
A  Fletcher-bamer  suitable  for  heating  the  bath  oniformly  is  shown  in 
6g.  87. 

When  the  bath  in  in  use,  a  sheet -iron  cover  is  placed  orer  it ;  this 
rests  upon  the  upper  surface  of  the  bath,  it  is  open  at  the  bottom. 

Fro.  07. 


and  the  Bides  and  ends  are  half  an  inch  distant  from  the  bath  itself. 
The  cover  is  kept  in  position  by  two  etude  fiied  in  the  npper  sorfaee  ot 
tlie  bath,  which  pass  through  corresponding  holes  in  the  top  of  the 
cover.  The  cover  renders  the  temperature  in  the  bath  more  uniform, 
and  prevents  the  glass  and  acid  from  being  scattered  about,  if  a  tube 
shoald  barst 

It  will  be  eeen  that  fonr  gloas  tnhee  can  be  heated  at  the  same  time 
in  the  air-bath. 

The  batb  ehonld  be  slightl;  tilted.  In  order  !□  prevent  the  liquid  in 
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the  digestioii-tabe  from  entering  the  sealed  capillary  while  the  tnbe  lies 
in  the  bath. 

When  the  sealed  tube  is  to  be  heated,  push  it  carefully  out 
of  the  cloth  into  one  of  the  iron  tubes  of  the  air-bath. 

If  the  glaas  tnbe  has  been  inclosed  in  a  wronght-iron  tube,  close  this 
iron  tabs  by  screwing  on  the  cap,  and  introduce  it  into  the  broader 
tnbe  of  the  air-bath.  The  iron  tube  affords  security  from  ixgnry  both 
while  the  glass  tube  is  being  heated  and  while  it  is  being  sabseqnently 
remoTed  from  the  air-bath. 

Now  place  the  cover  over  the  air-bath,  and  light  the  burner. 
Watch  the  thermometer  carefully,  and  allow  the  temperature 
to  rise  until  it  reaches  IW;  then  maintain  the  bath  at  this 
temperature  for  two  hours,  by  properly  regulating  the  supply 
of  gas  to  the  burner. 

The  temperatare  of  160°  is  only  mentioned  as  that  which  is  generally 
suitable.  Some  substances  require  a  temperature  of  250%  while  otiiers 
are  decomposed  at  temperatures  below  160^ 

Then  allow  the  bath  and  tube  to  become  quite  cdd^  remove 
the  cover,  and  proceed  to  remove  and  open  the  tube. 

It  must  be  remembered  that  there  may  be  very  consider- 
able gaseous  pressure  within  the  tube,  and  in  order  to  prevent 
danger  from  an  explosion  occurring  in  the  open,  it  is  there- 
fore most  safe  to  push  the  tube  with  a  bent  rod  until  the 
capillary  end  just  projects  from  the  aii^bath.  Thb  is  heated 
in  a  Bunsen-flame  until  the  glass  softens  and  the  gas  forces 
an  exit  and  escapes. 

Or  the  tube  is  carefully  withdrawn  from  the  air-bath,  and 
wrapped  round  with  a  cloth,  leaving  the  capillary  end  only 
projecting.  The  tube  is  then  held  in  an  oblique  position  with 
the  capillary  end  upwards,  and  any  particles  of  silver  salt  are 
rinsed  out  from  the  interior  of  the  capillary  tube  by  tiltuig 
the  tube  and  bringing  the  liquid  into  the  capillary.  The 
liquid  is  then  allowed  to  drain  away  completely  hx>m  the 
upper  part  of  the  tube.  The  capillary  end  of  the  tube  is 
now  carefully  warmed,  so  as  to  drive  out  any  liquid  which 
may  have  lodged  there :  and  the  extreme  end  of  the  capiUaij 
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is  gradually  heated  to  redness  in  the  Bunsen-flame,  until 
the  pent-up  gas  blows  out  an  aperture  in  the  softened  glass 
and  escapes. 

If  the  tube  is  inclosed  in  a  protecting  wrought-iron  jacket, 
it  is  taken  out  of  the  air-bath  in  the  jacket,  the  cap  is  removed, 
and  the  capillary  end  is  slid  out  of  the  jacket,  care  being  taken 
not  to  allow  the  open  end  of  the  iron  tube  to  face  the  person. 

As  soon  as  the  issue  of  gas  ceases,  the  end  of  the  digestion- 
tube  is  cut  off  with  a  file,  and  the  contents  are  rinsed  out 
with  water  into  a  beaker.  Any  large  pieces  of  the  small 
glass  tube  or  bulb  are  removed  and  washed,  then  dried  in 
the  steam-oven  and  weighed,  the  weight  of  the  end  which 
was  drawn  off  during  the  sealing,  if  a  glass  bulb  was  used 
(p.  446),  being  added.  The  difference  between  this  weight 
and  that  of  the  original  bulb  or  tube  represents  the  weight  of 
the  small  pieces  of  glass  which  remain  in  the  silver  chloride. 

The  acid  liquid  is  then  diluted,  and  boiled  for  a  few 
minutes,  and  the  silver  salt  is  filtered  off  (Note  2),  washed, 
dried,  and  weighed  (II3).  The  weight  of  any  small  glass 
fragments,  which  has  been  already  determined,  is  deducted 
from  the  weight  of  the  silver  salt. 

Note  1. — ^When  the  substance  requires  to  be  heated  for  a  long  time 
with  the  acid  to  a  high  temperature,  it  is  best  to  allow  the  tube  to 
cool,  and  the  gases  to  escape  from  the  cold  tube  once  or  twice  during 
the  process  of  heating,  sealing  up  the  tube  again  each  time  and  proceed- 
ing with  the  heating.  This  precaution  will  often  save  the  tube  from 
bursting.  If  there  is  any  doubt  about  the  oxidation  of  the  substance 
being  complete  after  the  capillary  has  been  opened  in  an  ordinary 
determination,  the  tube  may  be  sealed  up  and  re-heated. 

Note  2. — If  iodine  is  present  in  the  organic  substance,  the  silver 
nitrate  and  silver  iodide  sometimes  fuse  together  into  a  yellow  mass. 
The  silver  nitrate  must  be  removed  from  this  mass,  by  heating  it  in 
the  diluted  liquid  for  one  or  two  hours. 


Estimation  of  Sulphub  in  an  Oboanio  Sitbstanob. 

The  sulphur  in  the  organic  substance  is  oxidised  and  con- 
verted into  sulphate :  it  is  then  precipitated  and  weighed  as 

barium  sulphate. 

2f 
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671.  Oxidation  by  Nitric  Add,  as  it  is  effected  in  Garius' 
method  for  determining  the  halogens  (670),  is  suitable  for  the 
estimation  of  sulphur.  The  substance  is  heated  with  strong 
nitric  acid  of  1*5  specific  gravity,  as  has  been  already  de- 
scribed (loc.  cii.\  the  silver  nitrate,  however,  being  omitted. 
The  sulphur  is  thus  converted  into  sulphuric  acid. 

.  When  the  tube  is  cold,  its  contents  are  transferred  to  a 
porcelain  dish.  The  excess  of  nitric  acid  is  removed  by 
evaporating  the  liquid  nearly  to  dryness  on  the  water-bath, 
after  excess  of  hydrochloric  acid  has  been  added,  together  with 
some  sodium  chloride  to  fix  the  sulphuric  acid.  The  liquid  is 
then  diluted,  and  the  sulphur  is  estimated  as  BaSO^  (96). 

672.  The  methods  of  estimating  sulphur  in  coal  (474)>  &^d 
sulphur  in  blende  (105),  are  also  applicable  to  its  estimation 
in  many  organic  substances. 


Estimation  op  Phosphorus  in  an  Organic  Substance. 

673.  An  organic  substance  containing  phosphorus  is  sub- 
jected to  the  processes  described  above  (671,  673),  and  the 
phosphorus  is  thus  converted  into  phosphate.  The  solution 
obtained  by  any  one  of  these  processes  is  then  rendered 
alkaline,  if  necessary,  by  adding  ammonium  hydrate,  and  the 
phosphate  is  precipitated  with  magnesia  mixture  (132),  and 
estimated  as  MggPgO^  (131). 


Determination  op  the  Molecular  Weight  op  an 

Organic  Compound. 

Three  methods  are  described  in  this  Section. 

The  first  two  are  usually  applied  to  substances  which  are 
not  volatile  without  decomposition,  and  are  either  basic  or 
acid  in  nature.  They  depend  upon  the  formation  of  definite 
bodies  of  a  saline  nature,  but  they  require  a  previous  know- 
ledge of  the  basicity  of  the  substance. 
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The  third  method,  which  depends  upon  the  lowering  of 
the  freezing-point  of  a  solvent  in  which  the  substance  has 
been  dissolved,  may  be  applied  to  most  organic  and  inorganic 
substances. 

Other  methods,  which  depend  upon  determining  the  vapour 
density  of  the  substance,  are  described  in  pars.  733~739- 
Thej  are  only  applicable  to  volatile  bodies. 

674.  Determiiiation  of  the  Molecular  Weight  of  an 
Organic  Acid. — The  molecular  weight  of  an  organic  acid  may 
sometimes  be  determined  by  preparing  an  insoluble  metallic 
salt  from  the  acid,  and  then  estimating  the  weight  of  the 
metal  in  a  known  weight  of  the  pure  salt.  Since  silver  is  a 
monad  metal,  and  forms  many  insoluble  salts,  the  silver  salt 
is  generally  selected  :  but  in  certain  cases  the  barium  or  lead 
salt  may  be  prepared  instead  of  the  silver  salt. 

Thus,  the  combustion  of  pure  acetic  acid  gives  the  empirical 
formula  CH2O  for  this  acid.  It  is  evident  that  either  this 
formula,  or  some  multiple  of  it,  will  represent  the  molecule 
of  acetic  acid. 

Only  one  silver  acetate  can  be  obtained,  and  acetic  acid  is 
accordingly  inferred  to  bo  monobasic. 

The  molecular  weight  of  acetic  acid  may  therefore  be  deter- 
mined by  preparing  pure  dry  silver  acetate,  igniting  a  known 
weight  of  this  salt,  and  weighing  the  residual  silver.  From 
this  result  the  weight  of  the  silver  salt  which  contains  107*98 
parts  of  silver  may  be  found  by  calculation.  This  will  be  the 
molecular  weight  of  the  silver  salt,  and  by  subtracting  from  this 
molecular  weight  the  atomic  weight  of  silver,  and  adding  that 
of  hydrogen,  the  molecular  weight  of  the  acid  will  be  obtained. 

Example. — Two  grams  of  pnre  dry  silver  acetate  gave  on  igDition 
1*2984  grams  of  silver. 

Now  the  weight  of  silver  thus  found  will  stand  in  the  same  ratio  to 
the  atomic  weight  of  silver,  as  the  weight  of  the  silver  acetate,  which 
was  taken,  does  to  the  molecular  weight  of  silver  acetate. 

Therefore  the  molecular  weight  of  silver  aceUte=l^^;^^= 166-97. 

And  the  molecular  weight  of  the  acid=166*97- 107*98 +  1-59*99. 
This  molecular  weight  corresponds  to  the  molecular  formula  C^H^O^ 
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In  the  case  of  a  poljbasio  acid,  such  as  meconic  acid, 
more  than  one  silver  salt  may  usually  be  prepared.  These 
salts  will  contain  different  percentages  of  silver ;  but  from  a 
study  of  the  relative  proportions  of  silver  present  in  these 
salts,  the  basicity  of  the  acid  may  usually  be  inferred. 

For  Pradiee  in  the  Estimation,  prepare  some  pure  silver 
succinate,  by  adding  a  moderately  strong  solution  of  silver 
nitrate  to  solution  of  sodium  or  ammouium  succinate.  Filter 
off  the  silver  succinate,  remove  dissolved  salts  from  it  by 
washing,  and  dry  the  salt  at  as  low  a  temperature  as  possibla 

Weigh  out  accurately  about  1  gram  of  the  silver  succinate, 
and  ignite  it,  very  gently  at  first,  in  a  covered  weighed  porce- 
lain crucible.  Finally  keep  it  at  a  red  heat  for  a  short  time ; 
and  repeat  the  process  of  heating,  until  the  weight  of  the 
residual  silver  is  constant. 

Then  calculate  the  molecular  weight  in  the  way  already 
described.  Since,  however,  succinic  acid  is  known  to  be 
dibasic,  it  is  evident  that  2  x  107 '98  must  be  subtracted 
from  the  molecular  weight  of  the  silver  succinate,  and  2x1 
must  be  added  to  the  remainder,  in  order  to  obtain  the 
molecular  weight  of  the  acid. 

675.  Determination  of  the  Molecular  Weight  of  an 
Organic  Base. — Certain  organic  bases,  notably  the  alkaloids, 
combine  with  hydrogen  chloride  and  platinum  chloride  to 
form  double  salts.  These  resemble  in  constitution  the  double 
chloride  of  ammonium  and  platinum,  2(NH3HCl).PtCl4,  the 
organic  base  taking  the  place  of  the  NH3. 

The  molecule  of  the  double  salt  therefore  usually  contains 
two  molecules  of  the  organic  base;  and  if  R  represents  a 
monad  organic  base,  the  general  formula  of  the  double  salt 
will  be  2(RHCl).PtCV  When  the  molecular  weight  of  this 
organic  double  salt  is  known,  the  value  of  R  can  be  calcu- 
lated, since  the  weight  of  the  other  elements  present  in  the 
molecule  is  known  and  can  therefore  be  subtracted. 

The  method  of  procedure  is  identical  in  principle  with  that 
which  has  been  just  described  (674).     The  pure  dry  double 
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salt  is  prepared,  and  a  suitable  quantity  of  it  is  weighed ; 
this  is  strongly  ignited  in  the  air  until  it  is  free  from  carbon, 
and  the  weight  of  the  residual  platinum  is  ascertained. 

The  molecular  weight  of  the  double  salt  is  then  obtained 
from  the  following  proportion  statement : — 

The  weight  of  \  .   (atomic  weight  \ . .  (weight  of  double  \  .  /  molecular  weight 
Ftfoand      f-\        ofPt        /"  t       salt  used       /'\    of  double  salt 

The  molecular  weight  of  a  monad  base  is  then  found  by 
subtracting  from  the  molecular  weight  of  the  double  salt  the 
weight  represented  by  HgPtClg,  and  dividing  the  remainder 
by  2. 

Example. — 2*32  grams  of  caffeine  platino-chloride  yielded  0*57  gram 

of  platinum. 

195*5  X  2*82 
Hence  the  molecular  weight  of  the  double  salt = rr^ =  795*7. 

795*7  —  410*2 
Therefore  the  molecular  weight  of  caffeine  =r^ —- =192*7. 

For  Practice  in  the  Estimation,  dissolve  some  pure  caffeine 
or  strychnine  in  dilute  hydrochloric  acid,  and  add  to  the  solu- 
tion a  moderate  quantity  of  platinum  chloride  solution.  Filter 
off  the  yellow  or  orange  precipitate  of  the  double  salt,  wash  it 
about  six  times  with  alcohol,  and  dry  it  in  the  steam-oven. 

Weigh  out  1  gram  of  this  double  salt  into  a  porcelain  cru- 
cible, ignite  it  gently  at  first,  and  then  strongly.  Continue 
the  ignition  until  all  the  carbon  is  burnt  away,  stirring  occa- 
sionally 80  as  to  promote  the  combustion  of  the  carbon.  As 
soon  as  the  weight  of  the  residual  platinum  is  constant,  pro- 
ceed to  calculate  the  molecular  weight  of  the  alkaloid  as  is 
described  above. 

676.  The  fiaoult  Method. — If  the  molecular  weight  of 
a  substance  cannot  be  determined  by  the  preceding  methods 
(674,  675)1  ^^  ^y  taking  its  vapoiu*  density  (733-739),  it  may 
often  be  determined  by  the  lowering  of  the  freezing-point  of 
a  solvent  in  which  the  substance  has  been  dissolved. 

The  method  depends  upon  the  fact,  that  if  quantities  of 
different  substances,  which  are  proportional  to  their  molecular 
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weights,  are  dissolved  in  equal  amounts  of  the  same  solvent^ 
the  freezing-point  of  the  solvent  is  in  every  case  depressed  to 
the  same  extent.  This  depression  varies  directly  with  the 
amount  of  substance  used,  and  inversely  with  the  amount  of 
the  solvent. 

Hence  the  depression  of  the  freezing-point  of  the  solvent^ 
which  is  caused  by  dissolving  the  molecular  weight  in  grams 
of  a  body  of  known  molecular  weight  in  a  known  weight  of 
the  solvent,  is  first  ascertained.  The  molecular  weight  of  any 
other  substance  can  then  be  readily  found,  if  a  known  weight 
of  that  substance  is  dissolved  in  a  known  weight  of  the  same 
solvent,  and  the  depression  of  the  freezing-point  which  is 
thus  caused  is  noted. 

The  Fomrala  required  for  Calonlatiiig  the  Molecular  Weight  is 
deduced  as  follows  : — 

If  A  —  the  CoeJicierU  of  Depression,  or  the  depression  of  freeuDg- 
point  produced  by  dissolying  1  gram  of  the  substance  in 
100  grams  of  the  solyent ; 

M  » the  molecular  weight  of  the  substance  dissolved  ; 

T » the  Molecular  Coefficient  of  Deprsssuni,  or  the  depression  of 
freezing-point  produced  by  dissolving  the  molecular  weight 
of  the  substance  in  grams  in  100  grams  of  the  solvent ; 

ThenT-MxA         ....     (1.) 

If  P«the  weight  in  grams  taken  of  the  substance,  the  molecular 
weight  of  which  is  required  ; 

Q  =  the  weight  used  of  the  solvent,  for  which  T  is  known  ; 

E"the  depression  of  freezing-point  obtained  in  the  experi- 
ment ; 

Then  the  Coefficient  of  Depression  (A)  can  be  found  from  the  pro- 
portion 

foO:Q}   -^'^'^  ^^•^  =  ^P&  ...     (2.) 

NowM=-from(l.) 
A 

Therefore  M=^2il^^^       .        .        .    (8.) 

KxQ 
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The  Process  of  Beterminiiig  tbe  Depressioii  of  the 
Freezing-pomt  is  most  conveniently  carried  out  in  the 
Rppamtus  of  Beckmann  {&g.  98). 

The  glass  tube  A  receives  a  thermometer  D,  which  can 
indicate   hundredths  of    a    degree 
(Note) ;  it  also  contains  a  stirring-  "*' 

rodmadeof  stout  platinum  wire.  A 
weighed  quantity  of  the  solvent  is 
introduced  into  the  tube  A,  which 
is  then  placed  in  a  somewhat  wider 
tube  B.  An  air-jacket  is  thus 
fonned  between  the  tube  A  and 
the  outer  veesel  C.  The  external 
vessel  contains  either  water  or  a 
freezing-mixture,  the  temperature 
of  which  must  be  from  2*  to  5° 
below  tbe  freezing-point  of  tbe 
solvent. 

The  thermometer  is  now  ob- 
served while  the  liquid  is  kept 
constautly  stirred.  At  first  the 
mercury  sinks  below  tbe  true  freez- 
ing-point, but  it  indicates  the 
correct  temperature  as  soon  as  the 
freezing  commences. 

\Vhen  the  freezing-point  of  the 
solvent  has  been  ascertained  as 
the  mean  of  several  determinsr 
tions,  a  known  weight  of  the  sul> 
stance,  the  molecular  weight  of  ' 
which  is  required,  is  introduced 
through  the  side  tube  into  A. 
The  liquid  is  then  thoroughly 
stirred  until  tbe  substance  is  dis- 
solved, and  the  temperature  of 
freezing  is  again  noted.    The  "ice,"  ^__^ 

which  consists  of  the  soUdified  solvent  only  now  forms  at  a 
lower  temperature  than  before,  and  the  difference  between 
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the  two  temperatures  gives  the  lowering  of  the  freezing- 
point  (K)« 

The  final  accurate  determination  of  the  freezing-point  must 
be  effected  in  all  cases  by  removing  the  tube  from  the  freez- 
ing mixture  when  the  liquid  is  near  the  solidifying  point, 
and  then  occasionally  dipping  it  in  and  stirring  it  round 
until  the  liquid  freezes. 

When  concentrated  solutions  are  employed,  over^cooling 
frequently  takes  place,  and  a  large  quantity  of  "  ice  "  then 
separates  suddenly,  lliis  has  the  effect  of  making  the 
observed  freezing-point  too  low.  In  such  cases  most  of  the 
ice  must  be  allowed  to  melt,  and  when  only  a  small  quantity 
is  left,  the  apparatus  must  be  again  immersed  in  the  cooled 
outer  vessel. 

NoU, — The  capillary- tube  of  the  thermometer  usually  has  a  bulbous 
space  at  the  top,  which  can  receive  some  of  the  mercury,  and  thus 
enable  the  height  of  the  mercury-thread  to  be  adjusted  to  suit  various 
freezing-points.  The  variation  in  the  quantity  of  mercury  present  in 
the  stem  of  the  thermometer  in  different  pairs  of  determinations  does 
not  affect  the  accuracy  of  the  result,  because  only  tl^e  difference  be- 
tween the  freezing-points  of  the  solvent  and  of  the  solution  is  required, 
not  the  absolute  temperatures  of  freezing. 

Calculation  of  Molecidar  Weight — The  molecular  weight 
(M)  is  calculated  by  means  of  the  formula  given  on  p.  454. 

If  T  is  imknown,  it  can  readily  be  ascertained  by  dissolv- 
ing a  definite  quantity  of  a  substance  of  known  molecular 
weight  in  a  weighed  quantity  of  the  solvent.  The  value  of 
T  is  then  calculated  from  equation  (3)  on  page  454. 

For  Practice  in  the  Method  use  6  grams  of  pure  cane-sugar,  or  of 
glucose.  Dissolve  this  in  50  grams  of  water,  for  which  T- 19.  Intro- 
duce into  the  outer  vessel  a  mixture  of  ice  and  salt. 

Example. — 12*616  grams  of  glucose  were  dissolved  in  92 '25  grams 
of  water.  The  freezing-point  of  the  water  was  depressed  1*45"  C,  and 
T=19. 

Therefore  by  equation  (3)  on  page  454. 

The  molecular  weight =5:^^4^1?iil2:«l«2il29= 179. 

*  KxQ  1-46X92-26 


PART  V. 

VOLUMETEIC  ESTIMATION  OF 
GASES  AND  VAPOUES. 


679.  Introductory  Eemarks. — ^The  measui'ement  of  gases 
aud  vapours,  and  the  quantitative  analysis  of  gaseous  mix- 
tures, usually  involve  special  methods.  They  are  therefore 
treated  of  in  a  separate  Section  of  the  book. 

Methods  for  estimating  dissolved  gases  by  gravimetric  pro- 
cesses, and  by  titration  with  standard  solutions,  have  been 
already  described.  Certain  gases  may  also  be  estimated  by 
absorption  in  a  suitable  standard  solution,  upon  which  they 
can  produce  a  definite  chemical  effect.  But  the  determination 
of  the  quantity  of  a  gas  frequently  involves  the  measurement 
of  its  volume,  either  directly,  or  indirectly,  by  noting  the  loss 
of  volume  which  results  from  its  absorption  from  a  gaseous 
mixture. 

When  the  volume  of  a  gas  is  dealt  with,  not  only  is  special 
apparatus  required,  but  special  corrections  and  calculations 
must  usually  be  applied  to  the  results  obtained  in  different 
estimations,  in  order  to  make  them  comparable  one  with 
another.  These  corrections  are  rendered  necessary  by  the 
appreciable  effect  which  changes  of  temperature  and  pres- 
sure, and  the  presence  of  varying  amounts  of  n^oisture,  exert 
upon  the  volume  of  a  gas. 

Since  these  particular  characters  also  apply  to  vapours,  it 
is  convenient  to  describe  vapour  density  determinations  in 
connection  with  the  estimation  of  gases. 

The  processes  of  measuring  and  analysing  gases,  which  are 
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described  in  detaO  in  this  Section,  involye  the  use  of  com- 
paratively cheap  and  simple  apparatus.  They  also  either 
dispense  with  the  use  of  mercury,  or  require  it  only  in  small 
quantity. 

The  volume  of  a  gas  is  frequently  measured  over  water. 
This  introduces  a  certain  amount  of  error,  since  gases  are 
soluble  in  water  in  varying  degree.  The  results  obtained  by 
these  processes  are  therefore  somewhat  inferior  in  accuracy 
to  those  yielded  when  the  gases  are  measured  over  mercury. 
But  the  simpler  method  of  measurement  over  water  is  now 
very  generally  adopted  for  certain  gases,  and  is  found  to 
furnish  results  of  a  very  satisfactory  nature,  when  a  sufficient 
volume  of  gas  is  employed,  and  proper  precautions  are  taken. 

The  error  caused  by  the  absorption  of  gas  by  water  in  the 
measuring  apparatus  may  often  be  eliminated  by  previously 
saturating  the  water  with  the  gas  which  is  to  be  estimated. 

680.  Beferenoe  Books. — For  the  description  of  the  larger 
and  more  costly  forms  of  gas-apparatus,  and  for  directions 
regarding  their  use,  reference  may  be  made  to  Sutton's 
Volumetric  Analysis. 

The  following  books  will  also  be  found  useful  for  purposes 
of  reference,  and  for  gaining  fuller  information : — 

Bunsen's  Gasometrische  Methode. 
Winkler's  Technical  Gas-analysis. 
HempePs  Gas-analysis. 


PART  V.-SEOTlOIsr  XIIJ. 


CALCULATION  OP  NORMAL  VOLUME. 
CALIBRATION  OF  MEASURING  VESSELS. 


Calculation  op  Yolumb  undbr  Normal  Conditions. 

68l.  The  molecules  of  a  gas  or  vapour  tend  to  recede 
from  one  another  under  increased  temperature  or  decreased 
pressure,  and  to  approach  one  another  under  decreased  tem- 
perature or  increased  pressure,  to  a  far  greater  extent  than 
the  molecules  of  an  ordinary  liquid  or  a  solid  do. 

The  volume  of  a  definite  weight  of  any  gas  therefore 
varies  appreciably  with  comparatively  small  changes  of  tem- 
perature and  pressure.  Further  if  a  dry  gas  is  brought  into 
contact  with  water,  its  volume  is  increased  by  the  introduc- 
tion of  aqueous  vapour. 

The  volume  of  a  gas  is  usually  measured  at  the  tempera- 
ture of  the  laboratory,  and  at  the  atmospheric  pressure.  Since, 
however,  the  temperature  and  atmospheric  pressure  within 
the  laboratory  are  subject  to  variation,  the  conditions  under 
which  different  measurements  of  gas  are  made  may  be 
dissimilar. 

The  gas  may  also  be  measured  in  different  experiments^ 
either  while  it  is  standing  over  water,  or  while  it  is  exposed 
to  some  non-volatile  liquid :  the  gas  may  accordingly  either 
be  saturated  with  water  vapour,  or  may  be  in  the  dry  con- 
dition :  and  these  differences  will  affect  its  volume. 

In  order  to  render  different  measurements  of  the  volumes 
of  gases  comparable  with  one  another,  or  to  be  able  to  cal- 
culate the  weight  of  a  gas,  it  is  therefore  usually  necessary 
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to  ascertain  by  calculation  the  volume  which  the  gas  would 
occupy  in  the  dry  state,  and  at  0**  C.  and  760  mm.  pressure. 
This  is  usually  termed  "  the  volume  under  normal  conditions." 

682.  Calculation  of  the  Volume  of  a  Gkus  under  Normal 
Pressure. — The  volume  of  a  gas  varies  inversely  as  the 
pressure  which  is  exerted  upon  it.     Hence,  if 

V  =  the  observed  volume  of  the  gas 
p  =  the  observed  barometric  pressure 
V„  =a  its  volume  at  760  mm.  pressure  (normal), 

^«"  ^-=760  • 

This  formula  supplies  the  "  Correction  for  pressure." 

Note. — ^lu  very  accurate  determiuations,  the  height  of  the  barometer 
should  be  reduced  to  its  equivalent  at  0**  G.  If  H  repreaents  the 
height  of  the  barometer  in  mm.  at  0°,  and  h  the  height  which  has 

been  read  at  the  temperature,  t,  of  the  laboratory,  then  H  =  ^^^—^  • 

5608  + 1 

683.  Calculation  of  the  Volume  of  a  Gkus  at  Normal 
Temperature. — A  gas  expands  or  contracts  by  one  two- 
hundred  and  seventy-third  ( =0*003665)  of  its  volume  at 
0'  C,  for  each  degree  Centigrade  rise  or  fall  in  its  tempera- 
ture.    Hence  if : — 

V  =  the  observed  volume  of  the  gas, 
t  =  the  observed  temperature, 
Vo  =  its  volume  when  reduced  to  0'  C.  (normal). 

Then  V  _273xt;_  v 

•■"273  +  ^""l+0-003665r 

These  formulae  supply  the  "  Correction  for  Temperature." 

684.  Calculation  of  the  Volume  of  a  Gas  in  the  Dry 
Condition. — When  equal  volumes  of  gas  are  saturated  with 
aqueous  vapour  at  the  same  temperature,  they  always  contain 
the  same  quantity  of  vapour.  The  quantity  of  vapour  present 
increases  as  the  temperature  rises,  and  decreases  as  the  tem- 
perature falls. 
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The  water-vapour  which  is  mingled  with  the  gas  exerts  a 
certain  pressure,  which  is  commonly  termed  the  Tension  of 
Aqueotts  Vapour. 

The  pressure  of  the  vapour  varies  with  the  temperature  in 
the  same  proportion  as  its  amount  varies.  This  pressure  is 
usually  expressed  in  mm.  of  mercury,  and  has  been  very 
accurately  determined  for  each  degree  of  temperature  {yjS). 

The  tension  of  aqueous  vapour  acts  in  opposition  to  the 
barometric  pressure,  and  tends  to  increase  the  volume  of  a  gas. 
Hence  correction  is  made  for  its  effect  upon  the  volume  of 
the  gas,  by  subtracting  its  amount  in  mm.  from  the  baro- 
metric pressure.  Thus  if  w  is  the  tension  of  aqueous  vapour 
in  a  volmne  of  moist  gas  under  pressure  p,  the  true  pressure 
on  the  gas  =  (p-w), 

685.  General  Formula  for  the  Calculation  of  the 
Volume  of  a  Oas  under  Normal  ConditionB. — The  pre- 
ceding corrections  are  combined  into  one  expression  in  the 
following  formula),  in  which  V  represents  the  volume  of  the 
gas  at  normal  pressure  and  temperature,  and  after  correction 
for  moisture  if  necessary. 

(1).  For  a  dry  ga^  y^P^^^Sxv       _in<v 

V  ;•     «         yi5^         760(273  +  0     760(1+0-0036650 

(2).  For  a  moist  gas, 

y_(p-w)  X  273  X  t;__        (p-w)xv 
"    760(273  +  0    ""760(1 +0-0036650" 

These  formulse  serve  to  correct  the  volume  of  a  gas  for  tem- 
perature, pressiure,  and  aqueous  vapour. 

The  factors  which  are  given  in  the  Appendix  (777)  ^^^^  ^® 
found  useful  for  quickly  calculating  the  normal  volume  of  a 
gas. 

The  Alteration  of  Volnme  which  a  gas  suffers  by  change  of  tem- 
perature and  pressure  may  be  calculated  from  the  following  expres- 

sion  :   -7n-='-^r^  :  where  P,  V  and  T  represent  the  original  pressure 

and  volume,  and  the  absolute  temperature  (273 +0»  &nd  Pj,  V^  and  T^ 
represent  these  conditions  when  altered. 
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Calibration  of  Mbabubing-tubss. 

686.  The  graduations  on  tubes  for  measuring  gases  repre- 
sent either  absolute  c.c.  and  fractions  of  c.c.  capacity  (203)* 
or  millimetres  length  on  the  tube. 

If  they  represent  millimetre  spaces  on  the  tube,  the  value 
of  the  graduations  in  terms  of  c.c.  must  be  ascertained. 
And  since  a  glass  tube  usually  varies  in  diameter  in  different 
parts,  it  follows  that  equal  lengths  on  different  parts  of  a 
graduated  tube  do  not  correspond  to  equal  capacities.  Hence 
it  is  necessary  to  calibrate  the  tube  throughout  its  length. 

Two  liquids  are  in  common  use  for  calibrating  measuring- 
tubes,  namely,  mercury  and  water. 

687.  Calibration  of  the  Heasuring-Tube  by  means  of 
Mercury. — For  this  purpose  the  tube  is  supported  vertically 
with  its  open  end  upwards,  and  successive  equal  weights  of 
mercury  are  poured  into  it  from  a  little  tube  about  4  c.c.  in 
capacity.  The  space  in  the  tube,  which  is  occupied  by  each 
portion  of  mercury,  is  noted  by  means  of  the  graduations, 
and  the  true  volume  of  the  mercury  is  calculated  from  its 
weight.  The  capacity  of  the  tube  at  every  graduation  can 
then  be  determined  by  calculation. 

688.  Calibration  of  the  Measuring-tube  used  in  Meyer's 
Vapour-density  Apparatus  (734)- — Fix  the  clean  tube  in  a 
wooden  clamp  and  make  it  truly  vertical  by  hanging  a 
plummet  beside  it,  and  setting  the  side  of  the  tube  parallel 
with  the  line  of  the  plummet  (fig.  99). 

Now  make  a  small  vessel,  about  4  c.c.  in  capacity,  by  draw- 
ing out  a  piece  of  glass  tube  at  one  end  in  the  blowpipe- 
flame,  and  grind  the  edge  of  the  open  end  perfectly  level 
and  smooth.  Hold  this  vessel  in  a  little  wooden  clamp, 
and  fill  it  with  mercury  from  a  bulbed-tube,  which  can  be 
closed  by  means  of  a  stop-cock  (fig.  100). 

As  soon  as  the  vessel  is  quite  filled,  slide  a  glass  plate 
along  the  ground  edge  of  the  tube;  this  will  remove  the 
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excess  of  mercury^  and  will  leave  the  surface  of  the  metal 
exactly  level.  Now  pour  the  mercury  from  the  vessel  into 
the  graduated  tube.  Remove  the  air-bubbles,  which  adhere 
to  the  inside  of  the  tube,  by  means  of  a  thin  piece  of  lance- 

FiG.  99. 


Fio.  100. 


wood  or  whale-bone ;  and  then  read  the  level  of  the  highest 
point  of  the  meniscus  of  the  mercury  by  means  of  the 
graduations. 

Fill  the  vessel  in  a  similar  way  repeatedly,  empty  it  into 
the  graduated  tube,  and  carefully  read  the  level  of  the 
mercury  after  each  addition. 

These  readings  are  most  accurately  t^ken  by  means  of  a 
cathetometer  placed  at  some  distance  from  the  tube. 

The  Cathetometer  consists  of  a  horizontal  telescope  sliding  on  a 
yertical  stem.  The  telescope  is  focnssed  on  the  tube  and  is  set  in  a 
horizontal  position  by  means  of  a  spirit  level ;  it  is  then  moved  verti- 
cally on  the  stem  by  taming  a  screw  adjustment  until  the  point  of 
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internectioii  of  the  oroas  wires  exactly  corresponds  with  the  highest 
point  of  the  mercury  meniBcas.  Since  the  telescope  is  always  hori- 
zontal, errors  of  parallax  are  thus  avoided. 

If  the  cathetometer  is  not  employed,  great  care  must  be 
taken  that  the  eye  is  placed  on  the  same  level  as  the  mer- 
cury surface.  This  is  best  secured  by  holding  a  small  vertical 
mirror  behind  the  tube,  in  which  the  reflection  of  the  eye  and 
of  the  meniscus  can  be  seen.  The  reflection  of  the  highest 
point  of  the  meniscus  must  be  seen  at  the  centre  of  the  pupil 
of  the  eye  in  the  mirror  during  the  reading.  A  piece  of 
cardboard  may  be  slipped  down  behind  the  tube  until  its 
shade  sharply  defines  the  mercury  surface. 

The  weight  of  mercury  which  fills  the  small  vessel  is  now 
accurately  determined,  and  the  temperature  of  the  air  is  noted. 
The  capacity  of  the  tube,  between  the  successive  readings, 
may  then  be  found  in  c.c.  from  the  following  expression : — 

y_yx  (1+0-0001430 
"  13-596 

in  which  {g)  represents  the  weight  of  the  mercury  in  grams, 
and  (t)  the  temperature  at  which  the  calibration  is  made ; 
while  0 '000 143  is  the  coefficient  of  expansion  of  mercury 
and  13*596  is  its  specific  gravity. 

The  method  of  calculating  the  capacity  of  the  tube  at  each 
graduation  will  be  understood  by  reference  to  paragraph  2l8. 
But  the  '^  error  of  meniscus  "  (689)  must  be  added  to  each 
volume  thus  obtained,  if  the  tube  is  used  for  measuring  gas 
over  merciuy. 

These  capacities  are  practically  correct  for  the  measure- 
ment of  gas  over  water,  for  a  reason  which  is  explained  on 
the  next  page. 

689.  Error  of  Menisoos. — Daring  the  process  of  calibration,  the 
convexity  of  the  mercury  is  turned  towards  the  open  end  of  the  tube 
(fig.  101) ;  while  in  the  measurement  of  a  gas  the  oonyexity  will  be  in 
the  opposite  direction  (figs.  102,  103).  Hence  it  is  obvious  that  the 
volume  of  mercury  which  is  measured  during  the  calibration  in  the 
inverted  tube  (fig.  101),  is  less  than  the  volume  of  the  gas  which  is 
measured  when  the  mercury  stands  at  the  same  division  in  the  erect 
(fig.  102). 
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The  oorreation,  which  ia  thus  rendered  necessary,  ia  determined  by 
reading  off  the  poaitvou  of  the  nieQiscus  in  the  inverted  tube  (fig.  101), 
anrl  then  introducing  s  few  drops  of  mercuric  chloride  Bolutioa.  This 
Bolution  overcomeB  tlie  repulaire  action  of  tho  glass  upon  the  mercary, 
and  immediately  causes  tliu  mercury  surface  to  hecome  flat  [Sg.  103). 
The  level  of  the  mercury  surface  is  theo  again  read  oS. 

Thua  in  fig.  101,  the  top  of  the  meniacug  just  touohea  division 
3S;  whereas  iu  Gg.  103  the  mercury  stands  at  387.  Tliis  shows  a 
depression  of  0'3. 

If  gaa  *ere  measured  in  the  tuhe,  and  the  mercary  stood  at  division 

S9  (Gg.  102),  and  if  it  were  possible  to  overcome  the  repuUive  action  of 

Fio.  101.  FiQ.  102.  Fio.  103. 


the  glass  as  before,  the  horizontal  surface  would  stand  at  39*3. 
Therefore  the  volume  between  38-7  and  39-3,  that  is  O'S,  would  esoape 
rneaaureinent     Hence  0'8  is  the  Error  of  Mmiaau  iu  this  tube. 

In  practice  this  error  is,  accordingly,  equal  to  double  the  diflerance 
between  the  reading  of  the  convex  surface  of  mercury,  and  the  reading 
when  the  surface  is  levelled  by  means  of  mercuric  chloride  solution. 
This  number  must  be  added  to  the  calcnlsted  capacity  of  the  tube 
when  the  volnme  of  the  gas  is  read  over  mercory.  The  allowance  for 
maniscus'crror  is  usually  made  whan  tho  calibration  value  of  the  tuba 
ia  being  calculated. 

If  the  tube  ia  to  lie  naed  for  the  measurement  of  gas  over  water 
initead  of  over  mercury,  the  capacity  actually  obscri-ed  in  the  calibra- 
tion with  mercury  should  he  taken,  without  correction  for  menjsoaa. 
The  convex  surface  of  the  mercury  during  calibratiou  will  almost 
coincide  with  the  concave  water-surface,  when  the  tube  is  uaed  in  an 
inverted  position,  and  hence  the  error  of  meniscus  will  be  sbsent. 

2g) 
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690.  Oalibration  of  the  Measuring-tube  in  the  Lunge  Nitro- 
meter (714). — The  measuring-tube  of  the  Lunge  nitrometer 
may  be  readily  calibrated  by  detaching  it  from  the  apparatus, 
stopping  the  bottom,  and  then  filling  the  tube  up  to  the 
commencement  of  the  graduations  with  mercury.  The  tube 
is  clamped  yertically  (fig.  99,  p.  463).  Successive  equal 
voliunes  of  mercury  are  then  added  from  the  small  tube 
(fig.  100,  p.  463),  and  the  readings  are  taken  as  has  been 
described  in  par.  688.  No  correction  for  meniscus  is  necessary 
in  this  case.  The  capacity  of  the  tube  between  successive 
readings  is  obtained  from  the  formula  given  on  page  464. 

Care  must  be  taken  that  very  smaU  measures  of  mercury 
are  used  from  2  c.c.  to  zero,  if  small  voliunes  of  gas  are  to  be 
measured. 

691.  Calibration  of  Heasuring-tubes  by  means  of  Water. 

— This  method  depends  upon  ascertaining  the  capacity  of  suc- 
cessive portions  of  the  tube  by  introducing  successive  known 
weights  of  water  at  a  known  temperature  into  the  tube,  or 
by  allowing  them  to  flow  from  it.  The  volume  of  the  water  is 
calculated  from  its  weight,  and  from  this  volume  the  capacity 
of  the  tube  to  each  graduation  may  be  ascertained  (2X8). 

Calibration  of  the  Hempel  Burette  (fig.  104,  p.  468). — 
Since  the  measurement  of  gas  in  this  burette  is  made  over 
water,  the  calibration  of  the  measuring-tube  should  be  made 
by  means  of  that  liquid  in  the  following  manner. 

Disconnect  the  measuring-tube  and  attach  to  the  lower 
end  of  it,  by  means  of  a  rubber  joint,  a  glass  tube  about 
4  inches  in  length  with  a  stopcock  in  its  middle.  The  end 
of  this  tube  must  be  drawn  out  into  a  fine  jet ;  and  the  stop- 
cock must  be  rigidly  attached  to  the  measuring-tube,  by 
means  of  thick  rubber  tubing  bound  with  thin  copper  wire, 
the  ends  of  the  glass  tubes  touching  one  another  within 
the  joint.  The  jet  should  be  bent  downwards,  so  as  to  allow 
the  water  to  flow  from  it  into  a  vessel  held  beneath. 

Now  completely  fill  the  measuring-tube  and  stopcock-tube 
with  distilled  water  which  has  been  recently  boiled  and  then 
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cooled  to  the  temperature  of  the  room,  and  take  care  that 
all  air-bubbles  are  removed  from  the  tube.  Then  draw  ofiP 
into  a  stoppered  weighing-bottle  successive  portions  of  water, 
which  measure  5  c.c.  each  in  the  burette,  reading  off  the 
lowest  point  of  the  surface-meniscus  of  the  water  (fig.  70, 
p.  164)  in  measuring  the  volume. 

When  the  top  of  tbe  tube  is  being  calibrated,  smaller  volumes  of 
water  must  be  drawn  off,  if  tbe  tube  is  to  bo  used  for  measuring  small 
volumes  of  gas. 

Weigh  each  of  these  portions  of  water,  noting  down  the 
weight  and  the  temperature  of  the  water  with  the  corre- 
sponding reading  on  the  tube,  and  carefully  drying  the  bottle 
after  .each  weighing. 

From  the  weights  of  water  thus  obtained,  the  correspond- 
ing absolute  volumes  are  calculated,  by  applying  the  correc- 
tion for  the  expansion  of  water  from  the  Table  (776)'  Thus, 
if  the  first  five  c.c.  weighed  4 '86  grams  at  20"*  C,  its  absolute 
volume  would  be  4*86  x  1-00157  =  4-868  c.c. 

It  will  be  seen  that  this  calibration  is  similar  to  that 
employed  for  the  calibration  of  the  burette  (217),  and  the 
calculation  of  the  capacity  is  made  as  is  directed  for  the 
burette  (218). 

CatUion, — It  should  be  remembered  that  in  all  measure- 
ments, in  which  water  or  any  other  liquid  which  wets  glass 
is  used,  it  is  necessary  that  a  certain  time  should  be  allowed 
for  the  liquid  to  drain  down  the  sides  of  the  measuring-tube. 
The  time  will  vary  from  half  a  minute  to  5  minutes,  accord- 
ing to  the  nature  of  the  liquid.  For  ordinary  operations 
with  water  an  interval  of  two  minutes  will  suffice  for  this 
purpose. 
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THE  HBMPBL  GAS-APPARATUS. 


692.  This  apparatus  consists  of  two  parts,  the  Burette 

which  includes  a  measuring-tube  and  a  pressure-tube,  and 

„  the  Pipette.     The  gas  is  usually 

measured  over  water  or  some 
aq\ieous  solution. 

A  special  form  of  Burette 
must  be  used  when  the  gas  can- 
not be  measured  over  water  on 
account  of  its  solubility  in  that 
liquid  (697). 

693.  The  fiempel  Gas  Burette 

{fig,  104)  consists  of  two  con- 
nected glass  tubes.  One  of  these 
(a)  is  not  graduated,  and  is 
called  the  Pressure-tube,  The 
other  (6),  known  as  the  Measur- 
ing-tube,  is  graduated  into  100 
C.C.  with  0'2  c.c.  divisions. 

The  Pressure-tube  is  turned 
over  at  its  upper  edge.  The 
Measuring-tube  is  contracted  at 
the  top,  and  terminates  in  about 
an  inch  of  thick-walled  capillar}'- 
tube  ;  it  is  calibrated  as  is  directed  in  paragraph  69I. 
The  lower  ends  of  these  tubes  are  contracted  in  diameter, 
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and  &re  bent  at  right  angles.  They  are  fitted  into  elote  in 
semicircular  weighted  wooden  feet,  and  are  connected  with 
one  another  by  a  few  feet  of  narrow  rubber  tubing.  This 
rubber  tube  may  be  divided  in  the  middle,  and  then  joined 
by  a  short  piece  of  glass  tube  ;  the  cleaning  of  the  burette 
is  thua  facilitated. 

694.  The  Hempel  Gas  Pipette. — The  Hempel-pipcttc  is 
used  in  connection  with  the  burette  as  an  absorbing  vessel. 
It  is  shown  in  its  simplest  form  in  fig.  lOS.     By  submitting 


a  gaseous  mixture  to  the  successive  action  of  suitable  absorbent 
reagents  (69S)  in  a  series  of  these  pipettes,  the  proportions  in 
which  the  constituent  gases  are  present  in  the  mi^tture  may 
be  ascertained. 

The  simple  pi[>ette  (fig.  105)  consists  of  two  connected  bulbs, 
(e)  aod  {d),  which  contain  the  absorbent  liquid.  The  bulb  (c) 
terminates  in  a  TT-shapod  capillary  tube  (a).  Behind  this 
tube  is  a  white  porcelain  scale  (b),  which  renders  the  thread 
of  liquid  iu  the  capillary  visible  when  the  pipette  is  in  use. 

A  complex  form  of  absorption -pipette  is  shown  in  fig.  106. 
The  bulb  (c)  is  cylindrical  in  form,  and  is  tubulated  below 
so  as  to  render  the  introduction  of  a  solid  absorbent  pc»sible. 

Both  these  forms  of  the  pipette  may  be  fitted  with  two 
extra  bulbs  {m,  n),  as  is  shown  in  fig.  106.     These  bulbs 
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are  partially  filled  with  water;  they  prevent  the  eiteinal 
Mr  from  coming  into  contact  with  the  absorbent,  and  retard 
the  escape  of  vapour  from  a  volatile  absorbent. 

695.  Fitting  together    the    EeaapA   ^pkratns. — The 
burette  is  connected  with  the  pipette  in  the  manner  Bbown  in 
fig.  107.     Two  short  thick  pieoee  of  rubber  tube,  each  carry- 
ing a  apring  clip,  are  slipped  upon  the  capillary  top  of  the 
meaauring-tube,  and  upon  the 
capillary  tube  (a)  of  the  pipette. 
These  rubber  joints  are  taghtly 
bound    with    wire    upon    the 
glass,  BO  as  to  make  them  gas- 
tight.     A  single  clip  upon  tlie 
measuring-tube  (6)  will  usually 
be  found  sufficient,  the  other 
clip  being  dispensed  with. 

A  piece  of  thick-walled  glass 
tube,  1  millimetre  in  internal 
diameter  and  about  8  inohea 
in  length,  is  then  bent  twice 
at  right  angles  (e,  fig.  107). 
Each  end  of  this  tube  ia  pushed 
into  one  of  the  pieces  of  rubber 
tube.  Connection  can  now  be 
opened  between  the  absorption- 
pipette  and  the  measuring-tube 
by  simply  releasing  the  clip. 
The  measuring -tube  and  the 
absorption-pipette  can  also  be 
disconnected  one  from  the  other,  without  allowing  their 
contents  to  come  into  contact  with  the  atmosphere. 

I}g5.  HanipulatioQ  of  the  Hempel  Apparatus.— The 
following  is  a  general  description  of  the  method  of  using  the 
Hempel-apparatus  for  gas-analysis. 

Taking  the  Sample /or  Analysis.— Diaconnect  the  pipetta 
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(a),  leaving  the  tube  (c)  and  the  rubber  tubes  and  clips 
attached  to  the  measuring-tube  (5).  Raise  the  pressure-tube 
{d)f  which  has  been  filled  with  water  preferably  saturated  with 
the  gas  to  be  analysed ;  open  the  clip  and  pour  water  into 
the  pressure-tube  until  the  measuring-tube  is  full  of  water, 
and  the  water  begins  to  flow  over  from  the  bent  tube  (c). 

Now  close  the  rubber  tube  (a)  by  the  clip,  and  squeeze  the 
end  of  the  tube  between  the  finger  and  thumb  so  as  to 
exclude  air,  while  it  is  being  connected  with  the  vessel 
containing  the  gas  which  is  to  be  examined.  Place  the 
pressure-tube  (d)  at  a  lower  level  than  the  measuring-tube 
(5),  and  open  the  clip  again.  The  gas  will  thus  be  drawn 
over  into  the  measuring-tube.  50  c.c.  will  be  found  to  be  a 
convenient  volume  for  working  purposes. 

In  order  to  avoid  calculation  100  cc.  of  the  gaseooB  mixture  may  be 
used,  since  the  volumes  of  the  constituent  gases  which  are  obtained  in 
the  analysis  then  represent  at  once  percentage  proportions  of  the  mixture. 

In  order  to  obtain  the  exact  volume  in  the  burette  proceed 
as  follows.  As  soon  as  rather  more  than  the  required  volume 
of  gas  has  entered  the  measuring-tube,  close  the  rubber  tube 
by  the  clip.  Now  close  the  long  rubber  connecting-tube  be- 
tween the  measuring-tube  with  the  pressure-tube  by  pinching 
it  with  the  fingers.  Raise  the  pressure-tube,  and  by  relaxing 
the  fingers  allow  water  to  flow  into  the  measuring-tube  until 
it  precisely  reaches  the  required  graduation.  Then  at  once 
arrest  the  inflow  of  water  by  pressure  of  the  fingers  on  the 
rubber  tube.  Now  open  the  top  of  the  measuring-tube,  by 
relaxing  the  pressure  of  the  clip  for  a  moment,  so  as  to  allow 
the  excess  of  gas  to  escape  into  the  air  and  to  leave  the 
remainder  at  atmospheric  pressure.  Next  proceed  to  verify 
the  volume  of  the  gas  in  the  measuring-tube,  when  the  water 
is  brought  to  precisely  the  same  level  in  both  tubes. 

The  temperature  of  the  room  and  the  barometric  pressure 
need  not  usually  be  noted  in  an  ordinary  analysis,  since 
these  conditions  do  not  appreciably  vary  during  the  seried  of' 
estimations.     If    for    any    reason,   however,   thef^.  ab6(^ute'. 
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volume  of  the  gas  is  to  be  found  under  normal  conditiona,  or 
its  weight  is  to  be  calculated,  the  thermometer  and  barometer 
must  be  read,  since  it  becomes  necessary  to  calculate  the 
volume  of  the  gas  under  normal  conditions  (685)- 

Charging  the  Pipettes. — Now  charge  each  pipette  with  ita 
special  absorption-reagent  (698),  filling  the  bulb  (c,  fig.  105, 
p.  469)  completely,  but  allowing  only  a  small  quantity  of  the 
liquid  to  remain  in  (d).  The  liquid  is  introduced,  by  pour- 
ing it  through  a  funnel  into  the  wide  tube  above  (d).  The 
liquid  should  be  drawn  nearly  to  the  top  of  the  porcelain 
scale  by  applying  suction  to  the  capillary-tube  (a),  and  before 
a  measurement  of  gas  is  taken  the  liquid  should  always  be 
brought  again  to  the  same  level  in  this  capillary  tube. 

When  the  pipette  is  not  in  use,  the  reagent  should  be 
protected  from  contact  with  the  air.  This  is  effected  by 
closing  the  wide  tube  with  a  cork,  and  the  capillary-tube 
with  a  short  rubber  tube  which  is  stopped  with  a  piece  of 
glass  rod. 

Process  of  Absorption, — After  the  volume  of  the  gaseous 
mixture  has  been  noted  down,  proceed  to  absorb  its  con- 
stituent gases  successively.  For  this  purpose  connect  the 
measuring-tube  with  the  absorption-pipette  by  means  of  the 
bent  capillary-tube,  squeezing  the  end  of  the  rubber  tube 
meanwhile  with  the  fingers  so  as  to  exclude  air.  Raise  the 
pressure-tube,  and  then  relax  the  clip.  The  gas  will  pass 
over  from  the  measuring-tube  to  the  absorption-pipette.  As 
soon  as  the  gas  has  passed  completely  into  the  bulb  close 
the  clip,  gently  shake  the  contents  of  the  bulb,  and  allow 
the  gas  to  stand  in  contact  with  the  absorbent  for  five 
minutes. 

Then  transfer  the  gas  back  to  the  measuring-tube  again, 
by  lowering  the  pressure-tube  and  relaxing  the  clip;  and 
as  soon  as  the  gas  has  passed  over,  close  the  clip  again. 

Now  raise  the  pressure-tube  until  the  water  in  both  tubes 
is  at  the  sam,Q  level  after  allowing  an  interval  of  two  minutes 
for  the  water  to  drain  from  the  side  of  the  tube,  and  read  off 
volume  of  the  gas. 
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Transfer  the  gas  again  to  the  pipette,  and  shake  it  gently 
with  the  reagent  for  a  minute ;  then  measure  its  volume  once 
more  in  the  burette.  If  the  volume  is  the  same  as  before, 
the  absorption  is  complete ;  the  volume  of  the  gas  is  there- 
fore noted  down,  and  the  next  absorption  is  proceeded  with. 

If  a  further  decrease  of  volume  occurs  when  the  gas  is 
exposed  a  second  time  to  the  same  absorbent,  the  absorption 
must  be  repeated  ;  but  it  is  rarely  necessary  to  resort  to  a 
third  absorption  in  order  to  remove  a  gaseous  constituent 
completely. 

Subsequent  absorptions  are  effected  by  a  procedure 
precisely  similar  to  that  which  has  been  just  described,  each 
gas  being  absorbed  by  a  special  and  suitable  reagent  (698). 
A  separate  pipette  should  be  kept  for  each  reagent. 

697.  The  Winkler  Burette. — Another  form  of  burette,  known  as 
the  Wiukler-burette,  must  be  employed  for  the  analysis  of  gaseous 
mixtures  which  contain  a  constituent  soluble  in  water. 

It  is  of  the  same  shape  as  the  Hempel-burette,  but  the  top  of  the 
measuriiig-tube  is  supplied  with  a  stop-cock,  and  the  bottom  with  a 
three-way  cock  similar  to  that  shown  in  fig.  109  (p.  486).  By  this 
arrangement  the  measuring- tube  can  be  cut  off  from  the  water  in  the 
pressure- tube,  and  a  stream  of  gas  can  be  passed  through  the  stop* 
cock  into  the  measuring-tube,  and  thence  out  into  the  air  by  means 
of  the  three-way  cock. 

The  measuring- tube  is  100  c.c.  in  capacity,  and  is  graduated  in 
fifths  of  a  c.c. 

Before  the  measuring- tube  is  used,  it  must  be  dried.  This  is  most 
rapidly  effected  by  rinsing  it  out  with  alcohol,  then  with  ether,  and 
finally  blowing  air  through  it  from  bellows. 

The  measuring- tube  is  filled  ¥rith  the  gas  to  be  examined,  either 
by  passing  a  continuous  current  of  the  gas  through  it,  until  all  the 
air  has  been  displaced,  or  by  filling  the  tube  with  mercury,  and 
letting  the  gas  displace  the  mercury.  The  stop-oocks  are  now  closed, 
and  100  c.c.  of  the  gas,  under  atmospheric  temperature  and  pressure, 
are  obt>iined  for  analysis. 

£ither  water  may  be  first  allowed  to  flow  into  the  measuring- tube 
from  the  pressure- tube  in  order  to  absorb  the  soluble  gas,  or  the 
measuring  tube  may  be  connected  with  a  Hem  pel-pipette,  and  the 
further  manipulation  of  this  burette  conducted  as  with  the  Hempel- 
burette. 
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RbAGBKTS   U8BD   FOR  THE   ABSORPTION   OF   GaBBS   IN 

THE   HeMPEL   PiPBTTB. 

698.  The  foUowiog  directions  serve  for  the  preparation  of 
absorption-reagents  of  suitable  strength  for  gas-analysis. 

(a).  Potassium  Hydrate  Solutioa — Dissolve  160  grams 
of  ordinary  potassium  hydrate  in  130  c.c.  of  water :  this  will 
furnish  about  200  c.c.  of  solution. 

The  solution  is  used  for  absorbing  carbon  dioxide,  and 
acid  gases  generally. 

(b).  Alkaline  Pyrogallate  Solutioa — Dissolve  10  grams 
of  pyrogallic  acid  in  200  c.c.  of  the  above  potassium  hydrate 
solution  (a).  The  solution  should  be  kept  in  a  pipette 
of  the  simple  form  (fig.  105,  p.  469),  the  openings  of  which 
are  carefully  closed  from  the  air  when  the  pipette  is  not  in 
use.  Or  the  pipette  may  be  provided  with  the  two  guard- 
bulbs  (m,  n)  shown  in  fig.  106. 

This  solution  is  used  for  absorbing  oxygen. 

Note, — If  this  reagent  is  prepared  according  to  the  preceding  direc- 
tionSi  no  carbon  monoxide  is  evolved  during  the  absorption ;  l^ut 
departure  from  the  above  proportions  may  involve  serious  error  in  the 
estimation  of  oxygen  owing  to  the  evolution  of  carbon  monoxide. 

(c).  Cuprous  Chloride  Solution. — Pass  sulphur  dioxide 
into  a  solution  of  1  part  of  sodium  chloride  and  2  parts 
of  crystallised  copper  sulphate.  Wash  the  precipitate  of 
cuprous  chloride  by  decantation,  first  with  solution  of  sul- 
phurous acid,  and  then  with  glacial  acetic  acid.  Then  press 
it  between  filter-paper  and  dry  it  at  100'  C. 

The  salt  may  be  used  either  in  ammoniacal  solution  (1)  or 
in  acid  solution  (2).  The  acid  solution  is  to  be  preferred, 
unless  the  combustion  of  hydrogen  by  paUadinised  asbestos 
(709)  is  to  follow  the  absorption  by  cuprous  chloride. 

The  solution  is  used  for  absorbing  carbon  monoxide ; 
during  its  preparation,  storage,  and  use,  it  must  be  excluded 
ixoxA  contact  with  air. 
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(1)  The  Ammoniacal  Solution  is  prepared  by  suspending 
15  grams  of  cuprous  chloride  in  about  100  c.c.  of  water,  in 
a  flask  of  about  250  c.c.  capacity.  Ammonia  gas  is  passed 
into  the  liquid  until  all  the  cuprous  chloride  is  dissolved  and 
the  solution  assumes  a  pale  blue  colour.  The  liquid  is  then 
diluted  to  200  c.c.  The  volume  of  the  solution  thus  pre- 
pared can  absorb  about  6  c.c.  of  carbon  monoxide,  before  it 
becomes  saturated  with  the  gas  and  useless  for  further 
absorption. 

(2)  The  Acid  Solution  is  prepared  by  dissolving  27  grams 
of  cuprous  chloride  in  200  c.c.  of  hydrochloric  acid  of  1*124 
specific  gravity.  This  volume  of  solution  can  absorb  about 
10  C.C.  of  carbon  monoxide. 

(d).  AlcohoL — Rectified  spirit  is  used  for  absorbing  the 
vapours  of  hydrocarbons  generally. 

(e).  Iodine  Solution. — Solution  of  iodine  in  potassium 
iodide  solution  of  about  deci-normal  strength  is  used  for  ab- 
sorbing sulphur  dioxide.  Potassium  dichromate  in  saturated 
solution  may  be  used  for  the  same  purpose. 

(f).  Ferrous  sulphate,  in  cold  saturated  solution,  is  used  for 
absorbing  nitric  oxide.  Potassium  Permanganate  solution 
acidified  with  sulphuric  acid  may  be  used  for  the  same 
purpose. 

(g).  Bromine-water,  made  by  shaking  bromine  with  water 
until  the  water  is  saturated,  is  used  for  absorbing  the  define 
hydrocarbons.  Fuming  Sulphuric  Add  serves  the  same 
purpose. 

(h).  Fuming  Nitric  add  may  be  iised  for  absorbing  the 
vapour  of  benzene  and  the  olefine  hydrocarbons.  ' 


Collection  op  Gas  for  Analysis. 

699.  The  Method  selected  for  Collecting  a  Sample  of 
Gas  will  vary  according  to  the  conditions  under  which  the 
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gas  has  to  be  taken,  conveyed,  and  stored.  If  the  gas  is 
collected  in  the  laboratory,  it  is  generally  passed  direct  into 
the  Hempel-burette  (696)  or  the  Winkler-burette  (697).  If 
a  larger  quantity  has  to  be  stored,  it  is  collected  in  a  glass 
gas-holder.  If  the  gas  must  not  come  into  contact  with 
water,  it  may  be  passed  up  into  a  tube  filled  with  mercury, 
which  is  closed  by  inverting  its  open  end  in  a  vessel  of 
mercury,  or  into  a  small  bell-jar  closed  with  a  stopcock  and 
filled  with  mercury. 

A  sample  of  gas  which  has  to  be  collected  away  from  the 
laboratory  may  occasionally  be  taken  and  safely  stored  as  is 
directed  above.  Or  it  may  be  collected  by  displacement  of 
air,  water,  or  mercury  from  a  bottle  or  flask,  which  is  then 
closed  by  a  tightly-fitting  cork  ;  both  the  upper  part  of  the 
cork  and  the  neck  of  the  vessel  being  finally  uniformly  coated 
with  paraffin-wax  or  sealing-wax.  The  sample  is,  however, 
usually  sealed  in  a  glass  tube,  which  is  made  by  drawing  off 
a  piece  of  broad  glass  tubing  near  each  end  to  capillary  bore, 
leaving  the  intermediate  tube  with  a  capacity  of  from  50  to 
100  C.C. 

The  air  is  displaced  from  the  tube  by  passing  through  it  a 
stream  of  the  gas,  either  by  its  own  pressure  or  by  suction 
applied  by  an  aspirator  (58,  141)-  A  free  current  of  the 
gas  should  pass  through  the  tube  for  at  least  fifteen  minutes. 
The  two  capillaries  are  then  sealed  by  the  blowpipe. 

If  the  supply  of  gas,  which  is  available,  is  small,  the  tube 
is  prepared  as  above,  and  the  air  is  removed  from  it  by  a 
good  air-pump.  The  tube  is  then  sealed,  and  one  end  is 
opened  in  the  gas  to  be  collected ;  the  tube  is  then  again 
sealed. 

When  the  sample  is  to  be  withdrawn  into  the  Hempel- 
burette,  a  file-mark  is  made  near  each  end  of  the  sample-tube. 
One  end  is  attached  by  the  rubber-joint  (a,  fig.  107,  p.  470) 
to  the  Hempel-burette,  while  the  other  end  is  immersed  in  a 
vessel  of  water  or  other  suitable  liquid.  Both  the  ends  are 
then  broken  off,  and  the  gas  is  drawn  over  into  the  burette 
in  the  usual  way  by  lowering  the  pressure-tube  (d). 
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Estimation  of  Gasbs  bt  Absorption  in  the 
Hempbl  Apparatus. 

The  method  of  estimating  the  constituents  of  several  ordi- 
nary gaseous  mixtures,  by  means  of  the  Hempel-apparatus, 
is  given  below.  The  general  procedure  and  manipulation 
have  been  already  described  in  par.  696,  particulars  of  the 
absorbent  reagents  are  given  in  par.  698,  and  methods  of 
collection  will  be  found  in  par.  699.  The  analysis  is  rendered 
more  accurate  by  previously  saturating  the  water  in  the 
apparatus  with  the  mixture  to  be  analysed. 

Since  the  atmospheric  temperature  and  pressure  do  not 
usually  vary  during  any  one  gas-analysis,  it  will  not  be 
necessary  to  reduce  the  volumes  which  are  found  to  nor- 
mal conditions  in  calculating  the  percentage  proportions  by 
volume. 

700.  Estimation  of  Carbon  Dioxide  in  Furnace  Gases. 

— Employ  a  simple  absorption-pipette  (694)  containing  the 
solution  of  potassium  hydrate  (698,  a).  A  more  exact  method 
of  estimating  a  small  proportion  of  carbon  dioxide  in  air  is 
described  in  paragraph  729. 

701.  Estimation  of  Oxygen  in  Atmospheric   Air. — 

Charge  the  absorption-pipette  with  a  strong  solution  of 
alkaline  pyrogallate  (698,  b).  The  average  percentage  of 
oxygen  by  volume  is  20*96. 

702.  Estimation  of  Carbon  Dioxide,  Oxygen,  and 
Nitrogen  in  a  Mixture.  — Absorb  the  gases  in  the  following 
order,  by  the  reagents  specified. 

(1)  Carbon  dioxide,  by  potassium  hydrate  solution  (698,  a). 

(2)  Oxygen,  by  alkaline  pyrogallate  solution  (698,  b). 

(3)  Measure  the  residual  nitrogen. 

703.  Estimation  of  Carbon  Dioxide,  Oxygen,  Carbon 
Monoxide,  and  Nitrogen  in  a  Furnace  Chts. — Absorb  the 
gases  in  the  following  order,  by  the  reagents  specified. 
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(1)  Carbon  dioxide,  by  potassium  hydrate  solution  (698,  a). 

(2)  Oxygen,  by  alkaline  pyrogallate  solution  (698,  b). 

(3)  Carbon  monoxide,  by  freshly  prepared  cuprous  chloride 

in  acid  solution  (698,  c). 

(4)  Measure  the  residual  nitrogen. 

704.  Estimation  of  Carbon  dioxide,  Olefines,  Benzene, 
Oxygen,  and  Carbon  monoxide  in  Coal  gas,  Oenerator 
gas,  and  Similar  Mixtures. — Absorb  the  gases  in  the 
following  order,  by  the  reagents  specified,  using  a  Hempel- 
burette  containing  water  saturated  with  the  original  gas 
which  is  to  be  analysed. 

(1)  Carbon  dioxide,  by  potassium  hydrate  solution  (698,  a). 

(2)  Olefines,   by  saturated  bromine- water ;  subsequently 

removing  the  bromine-vapour  by  means  of  potas- 
sium hydrate  solution  in  a  separate  pipette  (see 
Note). 

(3)  Benzene,  by  fuming  nitric  acid ;  subsequently  remov- 

ing the  nitrogen  oxides  by  means  of  the  potassium 
hydrate  pipette  (see  Note), 

(4)  Oxygen,  by  alkaline  pyrogallate  solution  (698,  b). 

(5)  Carbon  monoxide,  by  freshly  made  cuprous  chloride 

dissolved  in  ammonia  solution  (698,  c). 

(6)  The  residual  gas  is  transferred  to  a  Hempel-pipette 

charged  with  water,  and  hydrogen  and  methane 
are  estimated  as  is  directed  in  paragraph  7^0; 
nitrogen  will  then  remain  as  a  residue. 

Note. — In  the  above  process,  the  separate  absorption  of  the  olefine 
hydrocarbons  and  bensene  by  bromine-water  and  by  nitric  acid  re- 
spectively is  not  very  satisfactory. 

An  alternative  method  is  to  absorb  these  substances  simnltaneoosly 
by  faming  sulphuric  acid,  followed  by  caustic  potash  solution. 

705  By  Employing  the  Winkler  Burette  (697)  or  the 
Lunge  Nitrometer  (718)  the  following  gases,  which  are 
soluble  in  water,  can  be  estimated  by  means  of  the  absorb- 
ents specified  in  each  case. 

Ammonia  by  dilute  sulphuric  acid. 
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NUrogen  peroxide  by  concentrated  sulphuric  acid,  or  by  a 
solution  of  potassium  permanganate  acidified  with  sulphuric 
acid. 

Nitric  oxide  by  a  concentrated  solution  of  ferrous  sulphate, 
or  by  potassium  permanganate  acidified  with  sulphuric  acid. 

Nitrous  oxide  by  alcohoL 

Chlorine  by  solution  of  potassium  hydrate  (698,  a). 

Hydrochloric  add  by  the  same. 

Hydrogen  sulphide  by  the  same. 

Sulphur  dioxide  by  the  same,  by  iodine  solution  (698,  e), 
or  by  saturated  solution  of  potassium  dichromate. 


Estimation  of  Gasbs  by  Combustion  in  the 
Hempel  Apparatus. 

706.  Estimation  of  Hydrogen  by  Combustion  in  Air, 
aided  by  FaUadinised  Asbestos.— The  hydrogen  is  mixed 
with  air,  and  is  passed  through  a  glass  tube  of  1  millimetre 
bore,  which  contains  a  fibre  of  asbestos  covered  with  finely- 
divided  palladium. 

The  asbestos  is  gently  heated,  while  the  mixture  of 
hydrogen  and  air  is  being  passed  over  it.  The  hydrogen 
combines  with  the  oxygen  of  the  air  to  form  water,  which 
occupies  no  appreciable  space.  The  contraction  in  volume 
which  occurs  as  a  Result  of  the  combination  is  therefore 
noted,  and  the  volume  of  hydrogen  which  was  originally 
present  will  be  equal  to  two-thirds  of  this  contraction. 

A  narrow  tube  made  of  palladium,  or  a  glass  tube  packed  with  (onall 
pieces  of  palladium,  may  replace  the  tube  containing  the  palladinised 
asbestos. 

Hydrogen  gas  is  readily  burnt  in  this  way.  Carbon  mon^ 
oxide  is  burnt  more  slowly.     Methane  is  not  burnt  at  alL 

707.  Preparation  of  the  Pallsdiniaed  AabettoB. — Dissolve  1  gram 
of  palladium  in  aqua-regia,  and  evaporate  the  solution  to  dryness  on 
the  water-bath  in  order  to  remove  free  acid.  Dissolve  the  residue  in  a 
small  quantity  of  water,  and  add  about  5  cc.  of  a  saturated  solution 
of  sodium  formate.  Then  add  sodium  carbonate  solution,  nntil  the 
reaction  of  the  liquid  is  strongly  alkaline. 
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Introduce  into  this  liquid  aboat  1  gram  of  soft,  long-fibred  asbestos ; 
this  should  absorb  the  whole  of  the  solution.  Remove  the  asbestos, 
and  heat  it  gently  ;  finally  heat  it  on  the  water-bath  until  it  is  per- 
fectly dry  ;  then  soak  the  fibres  in  a  little  water,  remove  them  to  a 
funnel,  and  wash  out  the  soluble  salts. 

The  palladinised  asbestos  thus  'prepared  is  of  a  grey  colour,  and 
contains  about  50  per  cent  of  palladium.  It  will  cause  a  mixture  of 
hydrogen  and  oxygen  to  combine  at  the  ordinary  temperature  of  the 
air,  but  the  combination  proceeds  more  rapidly  if  the  fibre  is  heated. 

708.  Preparation  of  the  Capillary  Gombustion-tube. — Cut  off  a 
piece  8  inches  in  length  from  some  hard  glass,  thick-walled  tube,  one 
millimetre  in  bore.  Lay  a  few  loose  palladinised-asbestos  fibres  (70?) 
about  H  inches  in  length,  side  by  side  on  smooth  filter-paper.  Moisten 
them  with  a  drop  or  two  of  water,  and  twist  them  into  a  thread  about 
as  thick  as  stout  sewing-cotton.  Take  up  this  thread  with  the  forceps, 
and  push  it  down  the  capillary  tube,  which  is  meanwhile  held  verti- 
cally. Now  fill  the  tube  with  water,  and  bring  the  asbestos  thread 
into  the  middle  of  the  tube  by  shaking  the  tube.  Then  drain  off  the 
water,  dry  the  tube,  and  bend  down  its  ends  at  right  angles.  The 
tube  is  now  ready  to  take  the  place  of  the  ordinary  capillary-tube 
(c,  fig.  107,  p.  470). 

709.  Ths  Process  of  Ustimation  of  Hydrogen. — It  is  well 
to  obtain  some  experience,  by  performing  several  estimations 
with  known  volumes  of  hydrogen  and  air,  before  an  estimation 
of  an  unknown  volume  of  hydrogen  is  made  by  the  following 
process. 

The  volume  of  hydrogen  which  is  taken  for  the  estimation 
should  not  exceed  25  c.c.  Read  off  the  volume  precisely, 
then  lower  the  pressure-tube  of  the  burette,  and  allow  about 
75  c.c.  of  air  to  enter  the  measuring-tube.  This  will  supply 
more  than  sufficient  oxygen  to  bum  all  the  hydrogen.  Now 
read  the  total  volume  of  gaseous  mixture  accurately,  after 
levelling  the  water ;  and  interpose  the  capillary  combustion- 
tube  between  the  burette  and  a  simple  absorption-pipette 
(694)  which  is  charged  with  water  only. 

Gently  heat  the  middle  of  the  capillary-tube  (708)  short 
of  redness  by  a  small  flat  gas-flamo,  or  by  the  flame  of  a 
spirit-lamp.  Then  cause  the  gaseous  mixture  to  pass  through 
the  capillary-tube  from  the  measuring-tube  into  the  pipette, 
by  raising  the  pressure-tube.     The  end  of  the  asbestos  thread 
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will  usually  glow  as  soon  as  the  gas  reaches  it,  but  the  flame 
must  not  be  removed,  else  water  may  condense  in  the  capillary 
tube  and  cause  it  to  crack. 

As  soon  as  the  gas  has  passed  over  completely,  draw  it 
back  again  through  the  heated  capillary  into  the  measuring- 
tube.  Then  cause  the  gas  to  pass  again  forwards  and  back- 
wards over  the  heated  asbestos.  In  the  case  of  a  readily 
combustible  gas  like  hydrogen,  the  combustion  should  now 
be  complete.  Read  off  the  volume  of  the  gas  again  accur- 
ately, and  note  if  it  becomes  further  reduced  after  the  gas 
has  been  once  more  passed  over  the  hot  asbestos.  These  pro- 
cesses must  be  repeated  until  no  decrease  of  volimie  is  noticed 
after  the  last  passage  of  the  gas  over  the  heated  asbestos. 

By  subtracting  the  volume  of  the  residual  gas  from  the 
original  volume  of  the  mixtiire,  the  contraction  of  volume 
which  has  been  caused  by  the  combustion  of  the  hydrogen 
is  found.  The  volume  of  hydrogen  which  has  been  burnt 
is  equal  to  two-thirds  of  this  contraction. 

Example. — In  a  particular  estimation,  the  following  numbers  were 
obtained. 

The  volume  of  hydrogen  employed =22*  8  c.c. 

The  total  volume  of  hydrogen  +  air =98*0  c.c. 

Hence  the  volume  of  air  added  ^  98  *  0  -  22  *  8  =  75  *  2  c.  c. 

[Assuming  the  percentage  volume  of  oxygen  in  air  to  be  21,  the 
volume  of  oxygen  introduced  =  16*  8.  Now  22*8  cc.  of  hydrogen 
require  11  *  4  cc.  of  oxygen  for  their  complete  combustion  ;  hence,  even 
if  the  gas  under  analysis  should  be  pure  hydrogen,  there  will  be  4*4 
cc  more  oxygen  than  is  required  for  the  combustion  of  the  gas.] 

The  volume  of  residual  gas  after  combustion  =  64*0  cc 

Therefore  the  volume  of  gas  which  has  disappeared  during  the  com« 

bustion  =  980- 64*0=84  cc 

S4  X  2 
Hence  the  volume  of  hydrogen  originaUy  present = — - —  =  22 '  W» 

8 

710.  Estimation  of  Hydrogen,  Hethane,  and  Nitrogem 

In  the  analysis  of  coal-gas  and  similar  mixtures  the  gases 
mentioned  in  par.  704  are  first  removed  by  absorption. 
One  of  two  methods  may  then  be  adopted.     Either  (1) 

2h 
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the  hydrogen  may  be  first  estimated  by  being  burnt  (709)1 
and  the  methane  may  then  be  mixed  with  oxygen  and  6red  ; 
or  (2)  the  hydrogen  and  methane  may  be  mixed  with  oxygen 
and  fired  simultaneously.  In  either  case  the  nitrogen  w^ill 
be  measured  by  difference. 

( 1 ).  First  Method,  — The  Hempel-apparatus  is  charged  with 
water  as  usual,  and  the  gas,  or  an  aliquot  portion  of  it,  is  then 
mixed  with  air,  and  the  hydrogen  is  estimated  as  is  described 
in  par.  709.  The  gaseous  mixture  can  now  only  contain 
the  methane  and  nitrogen,  together  with  a  known  volume  of 
nitrogen  and  oxygen  from  the  added  air.  The  methane  and 
nitrogen  in  this  mixture  are  estimated  in  the  following  way. 

About  20  c.c.  of  the  gas  is  mixed  with  more  than  the 
volume  of  oxygen  required  for  its  complete  combustion ;  the 
total  volume  is  then  carefully  measured,  and  the  mixture  is 
fired. 

Note, — Bunsen  states  that  the  proportion  of  combastible  gas  in  the 
miztnre  must  be  not  less  than  26  or  more  than  64  per  cent.,  else  nitro- 
gen oxides  may  be  formed.  If  the  percentage  is  less  than  26,  the  mixture 
refuses  to  burn,  unless  a  suitable  volume  of  pure  electrolytic  hydrogen 
is  added.  No  general  rule  can  be  given  as  to  the  exact  proportions  to 
be  used ;  but  the  explosion  should  be  observed,  and  must  be  so  rapid^  that 
the  flame  cannot  be  followed  by  the  eye  in  its  progress  down  the  bulb. 

The  mixture  is  fired  by  the  spark  from  an  induction-coil  in 
a  special  form  of  Hempel  Explosion-pipette  (fig.  108)  which 
contains  mercury  instead  of  water. 

In  order  to  prevent  loss  of  gas  during  the  firing,  the  rubber 
joint  should  be  bound  by  wire  on  the  pipette  at  (d),  and 
should  not  only  be  clamped  but  also  closed  by  the  insertion 
of  a  tightly  fitting  piece  of  glass  rod. 

The  decrease  of  volume  caused  by  the  firing  is  noted,  and 
the  further  diminution  of  volume  resulting  from  the  absorp- 
tion of  the  carbon  dioxide  produced  is  also  noted.  The 
volume  of  methane,  originally  present  in  the  mixture,  is 
equi4  to  the  volume  of  carbon  dioxide  absorbed,  as  is  seen 
from  the  equation:—      - 

CH^  +  202-=COa  +  2H20. 
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The  volume  of  nitrc^en  in  the  original  mixture  U  found 
by  subtracting  the  sum  of  the  Tolumea  of  hydrogen  and 
of  methane  from  the  volume  of  the  original  mixture. 

(2),  Seamd  Method. — About  30  cc.  of  the  mixture  of 
hydrogen,  methane,  and  nitrc^en  is  made  up  to  7S  cc,  by 
mixture  with  oxygen  {see  Note,  p.  482). 

The  mixture  is  fired  as  is  directed  in  the  first  method  (p. 
482),  the  contraction  of  volume  which  is  caused  by  the  com- 
bustion is  noted,  and  the  further  contraction,  resulting  from 


the  absorption  of  the  carbon  dioxide  with  potassium  hydrate 
solution,  is  also  noted.  The  volumes  of  hydrogen  and  of 
methane  are  then  calculated  aa  follows  r — 

If  z= contraction  of  volume  caused  by  firing,  and 

y=contraotion  of  volume  caused  by  subsequent  absorp- 
tion with  potash, 

Then  the  volume  of  hydrogen  =  —(a;  -  2y) 
and  the  volume  of  methane=y. 
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The  above  equations  are  founded  upon  the  facts  (1)  that 
the  contraction  of  volume  caused  by  firing  is  due  to  the  com- 
bination of  free  and  combined  hydrogen,  with  part  of  the 
oxygen  present,  to  form  water ;  and  (2)  that  the  CH^  forms 
its  own  volume  of  carbon  dioxide. 

711.  Example  of  Coal-GM  Analyiii. — ^The  sample  of  coal-gas  was 
collected  in  a  Hem  pel-burette,  contaiDiog  water  which  had  been 
previously  saturated  with  coal-gas  by  passing  the  gas  through  it  The 
original  volume  of  gas  was  99  c.  c  The  gas  was  treated  saccessively 
with  the  following  reagents,  with  the  results  stated. 

(1).  Potassium  hydrate  gave  no  absorption,  hence  carbon  dioxide 
was  absent. 

(2).  Alkaline  pyrogallate  solution  : — 

Before  absorption =99*0  c.c. 
After  absorption = 98  '8  0.  c. 

Volume  of  oxygen  =  0*2  cc. 

. '.  Percentage  of  oxygen  =  0  '2  x — = 0  '2 

yy     ■■■■ 

(8).  Nordhausen  sulphuric  acid,  followed  by  potassium  hydrate 
solution : — 

Before  absorption =98*8  cc. 
After  absorption =93*6  o.c 

Volume  of  defines  and  benzene  =  5*3  cc 

.  *.  Percentage  of  defines  and  benzene  =  6  *3  x  —- =5*3 

w 

(4).  Caprous  chloride  solution : — 

Before  absorption = 93  *5  c  c 
After   absorption =87*0  cc 

Volume  of  carbon  monoxide  =  6*5  cc 

.  *.  Percentage  of  carbon  monoxide  =  6  *5  x  — - =6*6 

99     — 

(5).  The  residual  87  cc  of  gas  containing  methane,  hydrogen,  and 
nitrogen  were  returned  to  the  pipette :  the  water  in  the  burette  was 
exchanged  for  water  saturated  with  air. 

30*8  cc  of  the  gas  were  then  mixed  with  sufficient  oxygen  in  the 
explosion  pipette  :  the  total  volume  was  now  75*2  cc  This  mixture 
was  fired  with  the  spark  of  the  induction  ooil,  the  volume  was  read  off^ 
and  the  residual  gas  was  then  exposed  to  absorption  by  potassium 
hydrate  solution.    The  volumes  read  were  as  follows  :^ 
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Before  firing =75*2  cc. 
After   firiDg=25'9c.c. 

Total  contraction  =  49 '3  cc. 

Before  absorption = 25  *9  c  c. 
After  ab8orption=ld'9c.c. 

CSarbon  dioxide  from  methane =12*0  cc. 


Hence  the  volume  of  methane =12*0  cc 

.-.  Percentageof  methane =12  x-?4xi?^ =84*2 
^  30-8     99     -^ 

And  the  yolume  of  hydrogen = 2(49-3-2x12)  ^2x25*8  ^  jg  .^ 

8  S 

.*.  Percentage  ofhydrogen=16*9x5|^x  ^=48*2. 

80  '8      99      •■"i^ 

For  Results  of  Analyses  of  Goal-gas  and  of  Blast-furnace  gas,  see 
paragraphs  77X,  773. 

7x2.  Estimatioii  of  Oarbon  Monoxide  by  OomboBtion. — ^The  pro- 
cesses for  estimating  Iiydrogen  by  combustion  (709,  7x0)  are  also 
applicable  to  the  estimation  of  carbon  monoxide  in  a  furnace-gas,  if 
the  carbon  dioxide  present  in  the  mixture  has  been  first  removed  by 
absorption.     From  the  equation, 

CO   +    0   =   CO., 
2  vols.     1  vol.      2  vols. 

it  will  be  seen  that  the  original  volume  of  CO  is  equal  to  double  the 
contraction  caused  by  its  conbustion ;  or  to  two-thirds  .of  the  total 
contraction  caused  by  the  combustion,  followed  by  the  absorption  of 
the  resulting  carbon  dioxide  by  potassium  hydrate  solution. 

When  carbon  monoxide  is  to  be  estimated  in  the  presence  of  hydro- 
gen, it  is  necessary  to  note  both  the  contraction  caused  by  firing  and 
the  loss  of  volume  which  is  afterwards  caused  by  the  absorption  of 
the  carbon  dioxide  produced,  in  order  to  calculate  the  volume  of  each 
of  the  combustible  gases. 

7x3.  Estimatioii  of  Oxygen  by  Oombnstion. — The  proportion  of 
oxygen  present  in  the  atmosphere  may  be  estimated  by  the  processes 
of  combustion  for  determining  hydrogen  (709,  7x0).  A  known  volume 
of  hydrogen  in  excess  is  added  to  the  air,  and  the  decrease  of  volume 
caused  by  its  combustion  is  noted.  The  volume  of  oxygen  originally 
present  is  equal  to  one-third  of  this  decrease. 


PART  V.-SEOTION  XV. 


THE  LUHOB  NITROMETHR. 

THE  RUSSELL-WEST  APPARATUS. 

THE  PETTBNKOFER  PROCESS. 


ThB   LUKaB    NlTBOMBTER. 

714.  The  Lunge  Nitrometer  (fig.  109)  is  bo  called  because 
it  was  originally  deviaed  for  the  analysie  of  "  aitroue  vitrioL" 
Fio.  109.  It  can  be  used  for  many  analy- 

tical processes  which  involve  the 
measurement  of  a  gax. 

Like  the  Hempel  Burette,  it 
consists  of  two  tubes,  the  measur- 
ing-tube and  the  pressure-tube. 
The  measuring-tube  (o)  in  fig. 
109  has  a  capacity  of  50  c.C, 
and  is  graduated  into  fifths  of  a 
c.C. ;  it  is  calibrated  according 
to  the  directions  given  in  par. 
6pO-  The  measuring-tube  is  con- 
nected by  means  of  tkkk-waUed 
rubber  tubing  with  the  pressure- 
tube  {/'),  which  is  not  graduated. 
The  apparatus  is  usually  charged 
with  mercury;  but  water,  gly- 
cerine, or  oil  may  be  used  for 
special  purposes  instead  of  mer- 
cury. 

To  the  top  of  the  measuriog- 
tube  (a)  is  fitted  a  special  stopcock  {d),  in  connection  with 
which  b  a  cup  (/),  and  a  strong  capillaiy-tnbe  (0). 
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In  the  figure  the  stopcock  is  shown  opening  communication 
between  the  measuring-tube  and  the  cup.  When  the  stopcock 
is  turned  half  round,  communication  is  opened  between  the 
capillary-tube  and  the  measuring-tube.  But  if  the  stopcock 
is  turned  only  one-quarter  round,  communication  between  the 
capillary-tube,  the  measuring-tube  and  the  cup  is  out  off. 

It  will  be  seen,  therefore,  that  this  stopcock  renders  it 
possible  to  draw  a  gas  into  the  measuring-tube  through  the 
capillary  inlet  (e).  The  gas  can  then  be  exposed  to  a  liquid 
reagent  by  pouring  the  reagent  into  the  cup  (/),  putting  the 
cup  into  communication  with  the  measuring-tube  (a),  and 
drawing  the  liquid  into  the  measuring-tube  by  lowering  the 
pressure-tube  (b).  The  entrance  of  air  into  the  measuring- 
tube  through  the  cup  is  prevented,  by  turning  the  stopcock 
one-quarter  round,  as  soon  as  all  the  liquid  has  entered. 

715.  Another  Form  of  the  Nitrometer  is  used  for 
measuring  larger  quantities  of  gas.  For  this  purpose  a  bulb 
is  blown  in  the  measuring-tube  (a)  immediately  below  the 
stopcock.  The  bulb  has  a  capacity  of  nearly  100  c.c,  and 
the  first  graduation  on  the  tube  below  the  bulb  is  for  100 
cc.j  the  graduations  are  continued  down  the  tube  until  140 
c.c.  are  registered.  A  bulb  is  also  blown  upon  the  lower  part 
of  the  pressure-tube  {b) ;  this  bulb  must  be  of  sufficient 
capacity  to  hold  the  mercury  which  is  required  for  the 
measuring-tube. 

According  to  the  volume  of  gas  to  be  dealt  with,  either 
the  ordinary  form,  or  the  more  capacious  form,  of  the  nitro- 
meter is  used. 

A  number  of  applications  of  the  Lunge-nitrometer  are 
described  in  the  following  paragraphs. 


Estimation  op  the  Amottnt  op  Nitrogen  Oxides  in 

Nitrous  Vitriol. 

7x6.  Remove  the  stopcock  (d)  from  the  measuring  tube  of 
the  nitrometer  (fig.  109),  and  carefully  dry  the  surfaces 
of  the  stopcock  and  of  the  seat  into  which  it  fits.     Then 
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lightly  smear  some  resin  cerate,  vaseline,  or  lard  over  the 
surface  of  the  stopcock;  push  the  stopcock  into  its  seat, 
and  turn  it  until  the  cup  (/)  is  in  communication  with  the 
meafiuring-tube  (a). 

Now  fill  in  mercury,  until,  wheu  the  pressure-tube  is 
raised,  the  mercury  fills  the  measuring-tube  (a)  and  just  enters 
the  stopcock,  and  reaches  a  level  of  about  2  inches  in  the 
pressure-tube  (5).  Carefully  remove  all  air-bubbles  adhering 
to  the  inside  of  the  measuring-tube. 

Then  close  the  stopcock,  and  lower  the  pressure-tube  until 
the  level  of  mercury  in  it  is  considerably  below  that  in  the 
measuring-tube  (a).  If  the  apparatus  is  air-tight  and  has 
been  freed  from  air-bubbles,  no  bubble  of  air  will  be  visible 
at  the  top  of  the  mercury  column  in  the  measuring-tube  (a), 
after  the  apparatus  has  stood  for  several  minutes.  Then  brmg 
the  surfaces  of  the  columns  of  mercury  in  both  tubes  to  the 
same  level  by  raising  the  pressure-tube  (&). 

Now  pour  into  the  cup  (/)  a  quantity  of  the  nitrous 
vitriol,  varying  from  0*5  to  5  c.c.  according  to  the  quantity 
of  nitrogen  oxide  which  it  is  believed  to  contain. 

Note, — If  any  SOg  is  present  in  the  nitrous  vitriol,  it  must  be  oxidised 
by  adding  a  small  quantity  of  powdered  potassium  permanganate  before 
the  acid  is  introduced  into  the  nitrometer. 

Cautiously  open  the  stopcock,  and  allow  the  acid,  with  the 
exception  of  a  small  drop,  to  run  into  the  measuring-tube  (a). 
Then  pour  into  the  cup  3  c.c.  of  strong  sulphuric  acid,  free 
from  nitrous  compounds,  and  allow  this  to  run  into  the 
measuring-tube  (a).  Repeat  this  operation  with  3  c.c.  more  of 
the  acid,  taking  care  that  no  air  enters  the  tube. 

Now  grasp  the  measuring-tube  in  the  hand,  unclamp  it, 
and  start  the  evolution  of  nitric  oxide  by  bringing  the  acid 
into  contact  with  the  mercury.  This  is  effected  by  lowering 
the  tube  several  times  almost  to  the  horizontal  position,  then 
suddenly  raising  it  again  to  an  upright  position.  Finallyshake 
up  the  mercury  with  the  acid  until  no  more  gas  is  given  off. 

Now  clamp  the  tubes  (a,  h)  at  such  relative  heights  that 
the  gas  in  the  measuring-tube  is  approximately  under  atmos- 
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pheric  pressiire.  This  may  be  effected,  by  assuming  that  7*6 
mm.  of  the  strong  acid  in  the  measuring-tube  balance  1  mm. 
of  mercury  in  the  pressure-tube.  Then  allow  the  apparatus 
to  stand  in  this  position  until  its  contents  have  gained  the 
temperature  of  the  air. 

The  levels  of  the  tubes  are  now  once  more  adjusted  as 
before,  if  necessary.  A  little  strong  acid  is  then  poured  into 
the  cup  {/) :  and  the  stopcock  {d)  is  cautiously  turned,  so 
as  to  place  the  cup  and  measuring-tube  for  a  moment  in  com- 
munication with  one  another.  It  is  easily  seen  whether  the 
acid  in  the  cup  tends  to  enter  the  measuring-tube,  or  to  be 
expelled ;  and  the  level  of  the  pressure-tube  can  be  adjusted 
accordingly,  until  the  gas  is  proved  by  slightly  opening  the 
stopcock  to  be  exactly  under  atmospheric  pressure. 

The  measaring-tube  should  always  be  grasped  by  the  cup  (/)  daring 
the  above  final  adjustments,  so  as  to  avoid  heating  and  expanding  the 
gas  by  touching  the  graduated  part  of  the  tube  with  the  hand. 

The  volume  of  the  gas  is  then  read  off,  and  the  atmospheric 
temperature  and  pressure  are  noted  down  at  the  same  time. 
It  is  well  to  take  another  reading  of  the  volume  after  half 
an  hour ;  if  this  agrees  with  the  former  one  the  gas  is  proved 
to  have  attained  the  atmospheric  temperature. 

Each  c.c.  of  nitric  oxide  at  O^'and  760  mm.  (68S  1)  i^epre- 
sents  1*343  milligrams  of  this  gas.  This  is  equivalent  to 
0'627  milligrams  of  nitrogen,  to  1*701  milligrams  of  nitrogen 
trioxide,  and  to  2*830  milligrams  of  nitric  acid. 

After  the  reading  of  the  volume  has  been  taken,  lower  the 
measuring-tube  and  raise  the  pressure-tube  {b) ;  then  open 
the  stopcock,  so  as  to  expel  both  the  gas  and  the  acid  from 
the  measuring- tube  through  the  capillary,  and  allow  the 
acid  to  flow  out  into  a  beaker. 
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Estimation  of  an  Alkalinb  Kitbatb  bt  thb  Lunqb 

NiTROMBTSR. 

717.  The  above  process  (716)  is  easily  adapted  to  the 
estimation  of  commercial  potassium  or  sodium  nitrate.  A 
quantity  of  the  nitrate,  which  will  evolve  rather  more  than 
100  c.c.  of  nitric  oxide  gas,  is  weighed,  and  is  introduced 
into  the  larger  form  of  the  nitrometer  (715)  as  is  directed 
below. 

For  practice  in  the  process,  weigh  out  0*4  gram  of  finely 
powdered  sodium  nitrate.  Place  this  powder  in  the  cup  (/) 
of  the  nitrometer,  and  add  about  half  a  c.c.  of  water.  As 
soon  as  the  nitrate  is  dissolved,  draw  the  solution  into  the 
measuring-tube.  Pour  half  a  c.c.  of  water  into  the  cup,  and 
draw  this  also  into  the  measuring-tube. 

Finally  introduce  15  c.c.  of  strong  sulphuric  acid,  and  pro- 
ceed to  make  the  estimation,  in  the  manner  described  in 
paragraph  716.  The  apparatus  should  stand  for  two  hours, 
before  the  reading  of  the  volume  is  taken,  in  order  that  the 
gas  may  gain  the  atmospheric  temperature ;  and  another  read- 
ing, taken  half  an  hour  later,  should  correspond  with  the  first. 

After  the  volume  of  the  gas  has  been  calculated  at  normal 
pressure  and  temperature  (685i  1))  G^^^h  c.c.  represents  3*805 
milligrams  of  sodium  nitrate  or  4*522  milligrams  of 
potassium  nitrate. 


Gas-analysis  by  thb  Lungb  Nitrombtbr. 

718.  By  employing  the  Lunge-nitrometer  (714)  with  the 
Hempel-pipettes  (694),  gases  which  are  soluble  in  water 
can  be  estimated.  Instead  of  the  ordinary  Hempel-pipettes, 
similar  pipettes  of  smaller  size,  and  partially  filled  with 
mercury,  may  be  used. 

All  the  gases  mentioned  in  paragraph  705,  with  the  excep- 
tion of  chlorine,  may  be  estimated  in  this  way  by  means  of 
the  nitrometer. 
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In  certain  cases  the  absorption  may  be  effected  in  the 
nitrometer  itself.  For  this  purpose  the  absorbent  liquid  id 
drawn  from  the  cup  into  a  measured  volume  of  the  gas, 
contained  in  the  measuring-tube.  The  tube  is  then  shaken, 
and  the  volume  of  the  residual  gas  is  read  off  as  has  been 
already  described  (716). 


Analysis  of  Gases  dissolved  in  Water  or 

IN  OTHER  Liquids. 

719-  Gases  which  are  dissolved  in  water  may  be  removed 
by  boiling  the  water,  and  may  then  be  received  directly  in 
the  measuring- tube  of  the  Lunge  nitrometer  (1). 

A  more  accurate  method  (2)  consists  in  removing  the  gases 
in  a  special  apparatus,  and  then  transferring  them  to  a  gas- 
ianalysis  apparatus. 

(1).  First  Method, — Connect  a  flask,  of  known  capacity, 
with  the  capillary-tube  (e)  of  the  Lunge  nitrometer  (714)  hy 
means  of  a  short  piece  of  narrow  rubber  tubing,  fitting  one 
end  of  this  tubing  upon  the  capillary-tube  (e)  and  attaching 
the  other  to  a  short  piece  of  glass  tube  which  passes  just 
through  a  cork  in  the  neck  of  the  flask. 

Now  charge  the  nitrometer  with  mercury  (716),  and  fill 
the  flask  with  the  liquid  containing  the  gas.  Connect  the 
capillary  {e)  with  the  measuring-tube  (a),  and  press  down 
the  cork  into  the  neck  of  the  flask.  The  air  from  the 
connecting-tube  is  thus  transferred  to  the  measuring-tube, 
and  the  liquid  will  fill  the  capillary-tube.  Shift  the  position 
of  the  stopcock,  and  expel  the  air  from  the  measuring-tube 
through  the  cup  (/)  by  raising  the  mercury  level. 

Again  connect  the  flask  with  the  measuring-tube  (a),  and 
heat  the  liquid  in  the  flask  until  all  the  dissolved  gas  is 
expelled.  Collect  the  gas  in  the  measuring-tube,  by  lower- 
ing the  pressure-tube.  Allow  the  gas  to  cool,  and  measure 
it.  Then  proceed  to  analyse  the  gas  by  submitting  it  to  the 
necessary  absorbents  (698). 

This  method  is  rendered  somewhat  inaccurate  owing  to  a 
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portion  of  the  unboiled  liquid  containing  the  gas  being  trans- 
ferred by  the  boiling  to  the  measuring-tube. 

(2).  Second  Method. — ^The  more  satisfactory  method  con- 
sists in  expelling  the  gases  from  solution  by  exposing  the 
liquid  in  a  vacuous  space,  and  at  the  same  time  heating  it  if 
necessary.  The  gases  are  then  removed  from  the  space  by 
means  of  a  mercury  Sprengel-pump,  and  are  introduced  into 
the  gas-apparatus  for  analysis. 

A  simple  form  of  apparatus  for  effecting  the  removal 
of  the  gases  from  the  liquid  is  shown  in  fig.  110;  it  was 
devised  by  Truman,  and  is  fully  described  in  the  Journal  of 
the  OJismical  Society,  voL  Ixv.,  1894,  p.  43. 

The  glass  apparatus,  supported  by  a  special  stand,  has  a 
nearly  complete  vacuum  produced  in  its  interior  by  connecting 
the  tube  E  with  a  Geissler  water-aspirator  (fig.  44,  page  58)  : 
the  exhaustion  is  continued  until  the  mercury  in  the  gauge 
D  remains  stationary.  The  stopcock  in  the  tube  E  is 
then  closed,  and  the  tube  N  is  connected  with  a  Sprengel 
mercury  pump,  by  means  of  which  the  exhaustion  is  com- 
pleted. 

The  water  from  which  the  gas  is  to  be  extracted  is  then 
poured  into  the  upper  vessel  C,  which  is  graduated  to  deliver 
either  25  c.c.  or  50  c.c. ;  the  accurately  ground  stopper  is 
inserted,  and  the  liquid  is  allowed  to  descend  into  the  bulb 
A  by  opening  the  stopcock  F.  The  water  descends  into  the 
flask  B,  the  neck  of  which  is  connected  by  a  rubber  joint 
with  the  lower  neck  of  the  bulb  A :  this  rubber  joint  is 
surrounded  by  a  glass  tube  containing  water  which  can  be 
moved  up  or  down  on  the  neck  of  the  flask.  A  thermo- 
meter may  be  suspended  by  wire  in  the  flask  B,  but  this  is 
not  indispensable. 

After  the  liquid  has  been  introduced  into  the  flask  B^  the 
apparatus  is  allowed  to  stand  for  about  an  hour  in  order  to 
permit  the  dissolved  gas  to  escape  into  the  vacuous  space. 
The  evolution  of  gas  may  be  known  to  have  ceased  when 
the  mercury  in  the  gauge  D  ceases  to  fall.  The  gas  is  then 
removed  from  the  apparatus  by  setting  the  Sprengel-pump 
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into  action,  and  is  collected  over  mercury  and  removed  to  a 
gaa-analjsis  apparatus. 

It  is  frequently  necessary,  in  the  case  of  hard  water,  to 
proceed  to  remove  the  carbon  dioxide  which  still  remains  in 
solution  in  the  form  of  bicarbonates,  by  heating  the  liquid. 
The  upper  bulb  A  is  then  covered  with  a  porous  fabric 
which  is  well  wetted,  and  the  cooled  bulb  serves  to  condense 
any  steam  arising  from  the  liquid  in  the  flask  B.  Water 
may,  if  necessary,  be  allowed  to  drop  upon  this  fabric,  the 
excess  flowing  ofl^  from  the  water-jacket  below  by  a  rubber 
tube.  The  water  in  the  flask  B  is  heated  by  a  flame  and  is 
kept  boiling  as  long  as  the  mercury  in  the  gauge  D  descends : 
the  gas  is  then  pumped  off  as  before  and  analysed. 

If  the  liquid  has  to  be  drawn  from  a  bottle  or  other 
vessel  without  undergoing  exposure  to  the  air,  the  capillary- 
tube  H  is  filled  with  distilled  water  from  which  the  air  has 
been  recently  removed  by  boiling,  and  is  attached  to  the 
vessel  C.  The  tube  is  immersed  in  the  sample,  and  the 
water  is  drawn  up  into  the  vessel  C  by  opening  the  two- 
way  stopcock  F. 

The  results  obtained  by  the  extraction  and  analysis  of  the 
gases  from  several  samples  of  water  will  be  found  in  para- 
graph 773. 


Estimation  op  Substances,  which  bvolvk  a  Definite 
Amount  of  Gas  when  they  are  Decomposed. 

720.  For  the  estimations  described  in  paragraphs  721— 
723,  either  the  Lunge-nitrometer  or  the  apparatus  described 
in  paragraph  726  may  be  used. 

The  Lunge  apparatus  is  usually  filled  with  mercury,  but 
other  liquids  may  be  substituted  in  special  estimations. 
Thus  in  testing  sweet  spirit  of  nitre,  by  measuring  the 
amount  of  nitric  oxide  gas  evolved  when  the  spirit  is  treated 
with  it  solt^Ibn  of  potassium  iodide  and  sulphuric  acid,  a 
solution  of  salt  is  used  instead  of  mercury. 
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In  some  cases  the  decomposition  of  the  substance  may  be 
effected  in  the  nitrometer  itself,  as  is  described  under  the 
estimation  of  sodium  nitrate  (717). 

The  substance  may  also  be  decomposed  in  a  flask  connected 
with  the  nitrometer,  and  the  amoimt  of  air  displaced  by  the 
gas  may  be  measured ;  mercury  should  then  be  used  in  the 
apparatus.  An  illustration  of  this  method  is  furnished  by 
the  estimation  of  the  amoimt  of  carbon  dioxide  evolved 
from  a  carbonate  by  treatment  with  an  acid.  A  bottle  or 
flask,  containing  a  little  tube  of  acid  (fig.  63,  p.  130),  may 
be  fitted  with  a  cork  and  plain  delivery-tube,  and  will 
serve  for  the  decomposition  of  the  carbonate ;  the  acid-tube 
may  be  fused  in  a  vertical  position  upon  the  bottom  of  the 
flask,  in  order  to  lessen  the  risk  of  breaking  it. 

If  mercury  is  used  in  the  nitrometer,  the  flask  may  be 
connected,  by  means  of  a  tube  passing  through  the  cork  and 
a  short  piece  of  rubber  tubing,  with  the  capillary-tube  (e)  of 
the  nitrometer. 

In  calculating  the  percentage  weight  from  the  volume  of 
gas  actually  read  ofl*,  it  will  be  necessary  to  calculate  the 
volume  which  the  gas  would  have  if  it  were  dry  and  at 
normal  temperature  and  pressure  (685,  2),  and  then  to  cal- 
culate the  weight  of  this  volume  from  known  data  (793)- 

721.  Estmiation  of  Ammomiun  Salts  and  of  Urea  in 
Urine. — The  Limge-apparatus,  or  that  described  in  para- 
graph 726,  may  be  used  in  the  estimation  of  urea  and  of 
ammonium  salts.  Fuller  particulars  of  the  reaction,  upon 
which  the  process  depends,  are  given  in  paragraphs  724,  7^8. 

About  0*25  gram  of  the  substance,  if  it  is  solid,  is  accu- 
rately weighed  out,  and  is  introduced  into  the  decomposing 
flask  (D,  fig.  63,  p.  130).  10  c.c.  of  the  sodium  hypobromite 
solution  (725)  are  then  introduced  into  the  inner  tube.  A 
cork  with  a  short  delivery-tube  is  now  fitted  into  the  neck 
of  the  flask,  and  the  flask  is  connected  by  a  short  piece  of 
rubber-:tube  with  the  capillary-tube  (e)  of. the  nitrometer^  as 
has  been  already  described,  the  nitrometer  being  charged 
with  mercury. 
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The  tap  of  the  nitrometer  is  then  turned,  so  as  to  bring 
the  flask  into  communication  with  the  measuring-tube,  and 
the  flask  is  turned  on  its  side,  and  its  contents  are  gently 
shaken  until  no  more  gas  is  given  off.  The  mercury  levels  are 
now  adjusted  roughly,  and  the  whole  apparatus  is  allowed  to 
stand  for  fifteen  minutes.  The  levels  are  then  accurately 
adjusted,  and  the  volume  of  the  gas,  and  the  atmospheric 
temperature  and  pressure  are  read.  The  volume  of  gas  is 
then  corrected  for  the  tension  of  water  vapour,  and  for  tem- 
perature and  pressure  (685,  2). 

Ammonia  evolves,  under  the  above  conditions,  97*5  per 
cent,  of  its  nitrogen,  and  urea  92  per  cent.  Each  c.c.  of 
nitrogen  evolved,  when  corrected  for  temperature,  pressiu^, 
and  moisture,  accordingly  corresponds  to  0*001562  gram  of 
ammonia,  and  to  0*002952  gram  of  urea. 

Each  c.c.  of  N  may  be  taken  as  representing  0*002687 
gram  of  urea,  on  the  assumption  that  the  urea  evolves  all  its 
nitrogen ;  this  assumption  is,  however,  only  true  when  much 
sugar  is  present  (724). 

722.  Estimation  of  Subetances,  which  eyolve  Oarbon 
Dioxide,  when  they  are  Decomposed. — The  same  apparatus 
(720,  721)  can  be  used  for  estimating  the  carbon  dioxide 
evolved  from  carbonates,  such  as  the  conmiercial  alkaline 
carbonates  and  bicarbonates,  limestone  and  bone-charcoal. 
The  apparatus  also  serves  for  the  valuation  of  manganese- 
ores  by  means  of  oxalic  acid  (346),  and  for  estimating 
oxalates  by  means  of  manganese  dioxide  (150). 

The  amount  of  carbon  dioxide  evolved  falls  below  that 
contained  in  the  substance,  owing  to  the  solubility  of  the 
gas  in  the  acid ;  but  it  is  stated  that  the  addition  of  7  per 
cent,  to  the  observed  volume  corrects  this  deficiency,  if 
10  C.C.  of  hydrochloric  acid,  of  1*12  specific  gravity,  are  used 
for  the  decomposition  of  the  carbonate. 

733.  EBtiLmationB  by  Treatment  with  Hydrogen  Peroxide  and 
MoMnrement  of  the  Oxygen  evolved.— When  certain  bodies,  which 
contain  "active  oi^gen,"  are  brought  into  contact  with  hydrogen  per* 
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oxide,  tlie  active  oxygen  of  both  anbetancee  is  liberated  as  oxygen  gas. 
The  meaanrement  of  the  volume  of  oxygen  evolved  serves  to  indicate 
the  amoont  of  the  substance  present.  The  following  bodies  may  be 
estimated  in  this  way. 

(a).  Hydrogen  Peroxide  may  be  mixed  with  excess  of  an  acid  solu- 
tion of  potassium  permanganate.  Two  c.c.  of  hydrogen  peroxide  are 
poured  into  the  decomposition  flask,  and  an  excess  of  a  solution  of 
potassium  permanganate  in  dilute  sulphuric  acid  is  introduced  into  the 
inner  tube.  The  following  reaction  occurs,  when  the  liquids  are 
mixed : — 

SaMngOe + bBfi^ + 3H^04= E^4 + 2MnS04+  SHgO  +  6O9. 

Half  the  volume  of  oxygen  which  is  liberated  is  accordingly  yielded 
by  the  hydrogen  peroxide. 

(b).  Fotaasium  Permanganate. — ^The  process  is  the  converse  of  the 
preceding  one  (a),  excess  of  B^O^  being  allowed  to  act  upon  a  weighed 
quantity  of  the  permanganate  solution  acidified  with  dilute  sulphuric 
acid. 

(0).  Manganese  Ores. — Any  carbonate  present  in  the  ore  is  first 
decomposed  by  means  of  dilute  H,S04,  excess  of  HgOg  is  then  added, 
and  the  evolved  oxygen  is  measured : — 

MnO, + HaS04 + HjOj = Oj + MnS04 + 2HaO. 

(d).  Bleaohing-powder.— The  bleachiug-powder  solution  is  treated 
with  HgOg,  as  is  described  above.  Half  the  total  volume  of  oxygen 
evolved  is  liberated  by  the  bleaohing-powder,  and  each  c.o.  of  oxygen 
which  is  liberated  by  the  bleaching-powder  corresponds  to  0*006341 
gram  of  available  chlorine. 


Thb  Ettssbll-West  Apparatus. 

This  apparatus  was  originally  devised  for  estimating  the 
percentage  of  urea  in  urine :  but  it  may  be  adapted  to  many 
processes  of  estimation  in  which  gas  is  evolved  by  a  chemical 
reaction. 

724.  The  Estimation  of  the  Percentage  of  Urea  in 
Urine  is  frequently  required  for  medical  purposes. 

The  chemical  reaction  of  urea  solution  with  an  alkaline 
hypobromite  furnishes  the  most  convenient  process  for  its 
estimation.    The  result  of  the  reaction  is  the  evolution  of 

2l 
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92  per  cent,  of  the  nitrogen  of  the  urea  in  the  gaseous  form. 
This  nitrogen  may  be  collected  and  measured  in  any  con- 
venient form  of  gas-apparatus;  and  the  amount  of  urea, 
which  has  evolved  it,  may  then  be  readily  calculated. 

Certain  inaccuracies  arise,  when  the  urea  is  determined 
by  this  process  in  urine  instead  of  in  pure  urea  solution. 

Other  nitrogenous  bodies  in  the  urine  besides  the  urea 
evolve  a  minute  proportion  of  nitrogen.  The  amount  of 
nitrogen  thus  evolved  is  so  small  that  it  may  be  safely  dis- 
regarded. 

The  effect  of  the  presence  of  glucose  in  diabetic  urine  is, 
however,  much  more  considerable.  It  tends  to  increase  the 
proportion  of  nitrogen  which  is  evolved  from  the  lU'ea  by 
the  action  of  the  hypobromite ;  and  if  the  diabetic  urine  is 
mixed  with  a  quantity  of  cane-sugar  ten  times  as  great  as 
that  of  the  urea  which  it  contains,  the  urea  will  evolve  at 
least  99  per  cent,  of  its  nitrogen.  The  addition  of  cane- 
sugar  to  a  diabetic  urine  is  recommended,  since  practically 
the  whole  of  the  nitrogen  of  the  urea  is  then  evolved. 

The  Lunge  apparatus  may  be  used  for  the  estimation  of 
urea  by  the  above  process  (721 ).  The  following  account 
of  the  manipulation  is  given  in  connection  with  the  special 
form  of  apparatus  devised  by  Russell  and  West;  it  can, 
however,  be  readily  adapted  to  any  other  form  of  apparatus 
which  is  suitable  for  the  estimation. 

725-  The  Sodium  Hypobromite  Solution  is  prepared  by 
dissolving  100  grams  of  caustic  soda  in  250  c.c.  of  water, 
and  mixing  25  c.c.  of  this  cold  solution  with  2*5  c.c.  of 
bromine.  This  quantity  will  suffice  for  one  determination 
only.  It  should  be  made  immediately  before  the  liquid  is 
required  for  the  estimation.  The  bromine  may  be  kept 
sealed  in  separate  tubes  in  the  requisite  quantity. 

726.  The  BuBsell-West  Apparatus  is  shown  in  fig.  111.  It 
consists  of  a  little  circular  metal  trough,  which  is  about  If 
inches  deep  and  is  supported  by  three  legs.     The  deoomposi- 
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tion-tube,  in  which  the  reaction  ocoutb,  is  seen  beneath  the 
trough,  into  a  tubulure  of  which  it  is  fitted  water-tight  hj 
means  of  a  perforated  cork.     It  is  a  glass  tube,  about  9 
inches  long,  and  about  half-an-inch  in  internal  diameter. 
Its  upper  end  is  somewhat  narrowed,  and  projects  above 
the  cork,  so  as  to  deliver  the  escaping  gas  without  loss  into 
the  measuring-tube.    The  lower  end  consists  of  a  tapering 
bulb,  about  2  inches  in  length,  and  constricted  at  its  neck 
to  three-eighths  of  an  inch   in  internal  diameter.     The 
capacity  of  this  bulb  should  be 
about  12  cc.    A  thin  glass  rod, 
about  9  inches  in  length,  is  fitted 
with  a  narrow  rii^  of  rubber 
tubing  round  its  lower  end,  so 
that  when  it  is  dropped  into  the 
decomposition-tube  it  closes  the 
constriction  above  the  bulb. 


l^ 


The  Metuuring-lube,  in  which 
the  nitrogen  is  collected,  is  about 
three-quarters  of  an  inch  in  in- 
ternal diameter,  and  about  40  cc. 
in  capacity.  This  tube  may  be 
graduated  in  c.c.'s,  but  it  is 
usually  graduated  in  such  a  way 
that  the  percentage  of  urea  is  read 
off  directly  from  the  graduations. 
This  method  of  graduation  is  based  on  the  fact  that  6  cc 
of  a  2  per  cent,  solution  of  urea  evolve  37*1  cc.  of  nitrogen^ 
measured  at  ordinary  pressure  and  temperature,  when  the 
solution  is  treated  in  the  apparatus  with  hypobiomite  solu- 
tion in  the  usual  way.  This  volume  of  nitrogen  is  accord- 
iiigly  marked  as  2  per  ceat.,  and  the  other  graduations, 
which  are  derived  from  this,  similarly  indicate  percentages 
of  urea. 

It  may  be  noted  that  the  increase  of  the  normal  volume 
of  the  nitrogen  at  ordinary  temperature,  which  is  due  to 
temperature  and  to  the  pressure  of  aqueous  vapour,  almost 
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precisely  counterbalanceB  the  8  per  cent,  deficiency  in  the 
volume  of  the  nitrogen  which  is  evolyed  from  the  urea. 

727.  The  Process  of  BBtimation.-^5  ac.  of  urine  are 
allowed  to  flow  from  a  pipette  into  the  decomposition-tuhe, 
and  the  sides  of  the  tube  are  rinsed  down  with  distilled 
water,  until  the  bulb  is  filled  as  far  as  the  constriction. 
The  glass  rod  with  rubber  end  is  then  placed  in  the  tube, 
so  that  it  closes  the  constriction.  The  decomposition-tube 
is  finally  filled  with  the  freshly-prepared  hypobromite  solu- 
tion. Water  is  then  poured  into  the  trough  until  it  is  half 
filled:  and  the  measuring-tube  is  filled  with  water,  closed 
with  the  thumb,  inverted  in  the  trough,  and  placed  in  the 
little  well  seen  to  the  left. 

The  glass  rod  is  now  yrithdrawn,  and  the  measuring-tube  is 
quickly  shifted  into  the  other  well  of  the  trough,  so  as  to  rest 
upon  the  cork  and  cover  the  opening  of  the  decomposition-tube. 

The  reaction  commences  as  soon  as  the  urine  and  the 
hypobromite  solution  mingle;  and  if  the  bulb  is  warmed 
with  a  small  Bunsen-flame,  the  evolution  of  gas  will  usually 
cease  entirely  in  about  five  minutes.  The  measuring-tube 
is  then  shifted  into  the  well,  and  the  volume  of  nitrogen  is 
read  off  as  soon  as  the  gas  has  had  time  to  attain  the  tem- 
perature of  the  air.  The  liquid  in  the  decomposition-tube 
at  the  end  of  the  process  must  smell  distinctly  of  the  hypo- 
bromite, proving  that  this  reagent  is  present  in  excess. 

728.  Excessive  Urea  and  Albumen. — If  the  urine  con- 
tains an  unusually  high  percentage  of  urea,  it  will  be 
necessary  to  dilute  it  with  its  own  volimie  of  water,  and  to 
use  5  C.C.  of  this  diluted  sample.  The  result  obtained  must 
then  be  multiplied  by  2. 

If  albumen  is  present  in  large  amount,  it  must  be  coagulated 
by  adding  a  few  drops  of  acetic  acid  to  the  urine,  and  heating 
it :  the  liquid  is  then  filtered,  and  the  clear  filtrate  is  used  for 
the  estimation.  If  this  treatment  is  omitted,  a  considerable 
amount  of  froth  is  produced  in  the  measuring-tube,  which 
retards,  or  renders  impossible,  themeasurementof  the  nitrogen. 
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ESTIMATION  OP  GAS  BY  ABSORPTION 

AND  TITRATION. 


Estimation  of  Carbon  Dioxidb  in  Air  bt  Titration, 
BT  thje  Pettbnkofbr  Mbthod. 

729.  Since  carbon  dioxide  is  a  product  both  of  respiration 
and  of  combustion,  it  frequently  accumulates  in  undue  pro- 
portion in  the  air  of  closed  rooms.  A  simple  and  rapid 
method  of  estimatiug  its  proportion  in  the  air  is  therefore  of 
great  importance,  since  the  result  of  the  estimation  enables  a 
judgment  to  be  formed  regarding  the  efficiency  of  the  system 
of  ventilation  which  has  been  adopted ;  it  is  especially  valu- 
able to  engineers 'and  others,  who  are  concerned  in  the  heat- 
ing and  ventilation  of  buildings. 

73a  Fettenkofer'B  Method  of  determining  the  Propor- 
tion of  Carbon  Dioxide  in  Air,  depends  upon  findmg  the 
amount  of  calcium  or  barium  hydrate  which  is  precipitated 
as  carbonate  from  solution,  when  lime-  or  baryta-water  in 
excess  is  well  shaken  with  a  known  volume  of  the  air. 

This  is  effected  by  using  a  known  volume  of  lime-water, 
the  strength  of  which  has  been  determined  by  titration  with 
standard  oxalic  acid  solution.  After  the  lime-water  has 
been  exposed  to  a  measured  volume  of  the  air,  it  is  again 
titrated  with  the  acid.  The  difference  between  the  two 
volumes  of  acid,  which  are  required  in  these  titrations,  gives 
the  volume  of  oxalic  acid  solution,  which  is  equivalent  to  the 
carbon  dioxide  absorbed  from  the  air.  From  this  result  the 
weight  and  the  volume  of  carbon  dioxide  which  was  present 
in  the  known  volume  of  air  can  be  calculated. 

The  following  are  requisites  for  this  process. 

(a).  A  Strong  Clear  Glass  Bottle  is  selected,  from  8  to  10 
litres  in  capacity,  and  with  an  ungroimd  neck  which  can  be 
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closed  air-tight  by  means  of  an  accurately  fitting  rubber  cork. 
The  exact  capacity  of  the  bottle  is  ascertained  by  filling  it 
with  water  to  a  scratch  on  the  neck,  which  marks  the  bottom 
of  the  cork:  the  water  is  then  potired  into  a. measuring- 
vessel  in  order  to  ascertain  its  volume.  The  capacity  should 
be  written  on  the  bottle  with  a  diamond  pencil,  or  with  the 
point  of  a  sharp  file. 

The  bottle  is  thoroughly  cleansed,  and  is  rinsed  out  several 
times  with  distilled  water.  Its  interior  is  then  perfectly 
dried.  This  is  effected  either  by  draining  it  and  leaving  it 
open  for  some  time  in  an  inverted  position  :  or  more  rapidly, 
by  placing  it  in  a  heated  oven  and  occasionally  sucking  out 
the  air  from  the  interior  by  means  of  a  clean  dry  glass  tube 
pushed  down  to  the  bottom  of  the  bottle,  or  blowing  out 
the  moist  air  by  bellows.  The  clean  dry  rubber  cork  is  then 
pushed  in,  until  it  reaches  the  mark  on  the  neck  {Note^  p.  504). 

(b).  A  Hand  Bdlotos  with  rubber  tube  on  the  nozzle  is 
required,  by  means  of  which  the  air  from  any  desired  locality 
can  be  blown  into  the  bottle  until  the  air  in  the  interior  has 
been  displaced.  A  vohmie  of  air,  at  least  five  or  six  times 
as  great  as  the  capacity  of  the  bottle,  should  be  blown  to  the 
bottom  of  the  bottle  by  the  bellows,  which  are  drawing  air 
from  the  desired  position.  Fletcher's  blowers,  or  ordinary 
hand-bellows,  may  be  used.  They  should  be  clean  and 
air-tight. 

(c).  Saturated  Ldme-water  is  made  by  repeatedly  shaking 
up  freshly-slaked  lime  with  water  in  a  Winchester  quart- 
bottle,  which  is  nearly  filled  with  the  water.  The  solution 
is  rendered  clear  by  subsidence  or  by  filtration.  The  per- 
fectly clear  solution  is  stored  in  an  accurately  stoppered 
Winchester-quart  bottle.  Unless  alkalis  are  known  to  be 
absent,  a  few  drops  of  barium  chloride  solution  should  be 
added  to  the  lime-water. 

(d).  Standard  Oxalic  acid  Solution  is  prepared  by  dis- 
solving 1*2602  grams  of  dry  pure  crystallised  oxalic  acid  in 
1  litre  of  cold  distilled  water,  which  has  been  recently  boiled 
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to  free  it  from  dissolved  COj*  This  dilute  solution  will  not 
keep  unchanged  for  more  than  twenty-four  hours.  It  may 
either  be  freshly  made  as  it  is  required,  or  a  stronger  stock 
solution,  containing  126*02  grams  per  litre,  may  be  diluted 
one  hundredfold  immediately  before  it  is  used.  The  dilute 
solution  is  a  centi-molecular  one. 

If  a  standard  solution  of  oxalic  acid,  containing  2*8636 
grams  of  crystallised  acid  per  litre,  is  used,  each  c.c.  of  this 
solution  will  represent  1  milligram  of  COg.  This  is  more 
convenient  in  practice,  since  it  saves  calculation. 

(e).  Turmeric-paper  (226),  which  has  not  lost  its  full 
yellow  colour,  may  be  used  to  test  for  the  disappearance  of 
alkaline  reaction  :  solution  of  phenol-phthalein  (228),  how- 
ever, is  a  more  convenient  indicator. 

731.  The  Process  of  Bstimatioa — By  means  of  the 
bellows  (b)  a  volume  of  the  air  which  is  to  be  tested,  equal 
to  at  least  six  times  the  capacity  of  the  bottle,  is  blown  down 
to  the  bottom  of  the  bottle  (a).  One  himdred  c.c.  of  the 
lime-water  (c)  are  at  once  introduced  into  the  bottle,  and 
the  rubber  cork  is  inserted.  The  atmospheric  temperature 
and  the  barometric  pressure  are  then  noted  down. 

The  bottle  is  laid  on  its  side  and  is  rolled  along  on  a  level 
surface,  so  as  to  wet  the  interior  with  the  lime-water ;  this 
is  repeated  several  times  during  half  an  hour. 

Forty  C.C.  of  the  liquid  are  withdrawn  from  the  bottle,  by 
means  of  a  dry  pipette  with  rubber  tube  attached  to  its  top : 
and  the  bottle  is  imimediately  closed*  Or  the  lime-water  is 
rapidly  poured  off  into  a  200  c.c.  stoppered  measuring- vessel ; 
the  bottle  is  quickly  rinsed  out  several  times  into  the  measur- 
ing-vessel with  small  quantities  of  freshly-boiled  cold  distilled 
water ;  and  the  volume  of  the  liquid  is  finally  made  up  to  200 
c.c.  with  air-free  water,  and  is  well  mixed  by  shaking  it. 

Either  the  40  c.c.  taken  direct  from  the  bottle  (a),  or  an 
aliquot  portion  of  the  above  diluted  liquid,  is  then  removed 
into  a  small  flask,  and  is  titrated  by  the  standard  oxalic 
acid   (d).      The  liquid  may  be  coloured  with  solution  of 
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phenol-phthalem ;  the  disappearaiice  of  the  colour  indicating 
the  end  of  the  reaction  (228).  Or  a  small  drop  of  the  liquid 
may  he  removed  occasionally  from  the  flask  and  placed  upon 
some  turmeric-paper ;  the  hrown  alkaline  tint  on  the  paper 
ia  last  seen  at  the  edge  of  the  wet  spot,  just  before  it  dis- 
appears completely  on  the  addition  of  a  little  more  acid. 

At  least  one  repetition  of  the  titration  should  be  made,  so 
as  to  obtain  accurately  the  volume  of  acid  required.  From 
this  result  the  volume  of  acid,  which  would  be  required  by 
100  c.c.  of  the  original  lime-water,  after  exposure  to  the  air 
in  the  bottle,  is  calculated. 

A  measured  volume  of  the  original  lime-water  (c)  is  then 
titrated  with  the  standard  acid,  and  the  volume  of  acid 
which  would  be  required  to  neutralise  100  c.c.  of  this  lime- 
water  is  calculated. 

The  difference  between  the  volimies  of  the  acid  solution, 
which  would  be  required  for  100  c.c.  of  lime-water  before 
and  after  its  exposure  to  the  sample  of  air,  is  thus  ascer- 
tsdned.  This  volume  contains  an  amoimt  of  oxalic  acid  which 
is  chemically  equivalent  in  neutralising  power  to  the  carbon 
dioxide  originally  present  in  the  sample  of  air  in  the  bottle. 

Nbie, — ^Throughout  the  whole  of  the  manipulation  in  the  above  pro- 
cess, it  is  evidently  necessary  to  guard  as  far  as  is  possible  against  the 
further  absorption  of  COg  from  the  open  air  or  from  the  breath.  This  is 
secured  by  making  the  exposure  of  the  lime-water  to  the  open  air  as  brief 
as  possible.  All  distilled  water  used  for  dilution  should  also  have  been 
recently  boiled  and  rapidly  cooled,  so  as  to  be  free  from  carbonic  acid. 

The  accuracy  of  the  process  may  be  increased  by  so  arranging  the 
apparatus  that  the  lime-water  is  titrated  in  vacuo,  and  by  coating  the 
interior  of  the  air-sample  bottle  and  of  the  titrating  vessel  with  a  thin 
film  of  paraffin  wax.  The  latter  precaution  prevents  the  alkaline 
material  of  the  glass  from  taking  part  in  the  reaction. 

Baryta-water  may  be  substituted  for  lime-water,  but  it  presents  no 
advantage :  its  saturated  solution  is  stronger  than  that  of  lime-water, 
and  must  be  somewhat  diluted  for  use. 

Deci-normal  hydrochloric  acid  may  conveniently  replace  the  standard 
oxalic  acid :  it  maintains  its  strength  more  satis&ctorily  than  oxalic 
acid  solution  does,  and  in  a  diluted  state  it  is  free  from  action  on 
the  precipitated  carbonate  until  the  unchanged  hydrate  has  been 
neutralised. 
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Example. — ^The  results  of  an  aotnal  estimation  were  as  follows. 

Capacity  of  the  bottle =9200  c.c.  ;  temperature  of  the  sample 
of  air =19°  0. ;  atmospheric  pressure =760  mm. 

100  c.  c  of  the  lime-water  required  97  '6  c.  c  of  standard  oxalic  acid 
solution,  1  C.C  of  which  corresponds  to  0*001  gram  of  GOg. 

40  cc.  of  the  lime-water,  after  being  shaken  with  the  air- 
sample,  required  85*8  cc.  of  the  standard  add  ;  therefore 

100  cc  of  this  lime-water  would  require  89*5  cc  of  the  stand- 
ard add. 

Therefore  the  amount  of  COg  in  the  sample  of  air  is  equivalent 
to  97*6  -  89 '5 =8*1  c.c  of  standard  add. 

But  1  cc.  of  the  add  is  eqniyalent  to  0*001  gram  of  00,;  there- 
fore the  weight  of  COg  in  the  air-sample = 8*1  x  O'OOl = 00081 

gram. 

0  0081 
And  the  volume  of  the  C^a= 0^0000896^^22  ^^'"^^  °*^  **  ^  ^' 

and  at  760  mm.  pressure. 

292 
Hence  the  volume  of  GOj  at  19''=4'11  x  073  ^^^'^^^  ^^ 

*   j^i.  X         rr^r^     4'896xl00    ^^,„ 

And  the  percentage  of  C03=  — ^rxj^^ —  =0*048. 

732.  The  Following  Seriee  of  Beralts,  obtained  by  students  in  the 
chemical  laboratory  of  the  University  OoUege,  Nottingham,  will  serve 
to  indicate  the  varying  degrees  of  efficiency  attained  in  the  ventilation 
of  different  buildings.  They  also  indicate  the  effect  on  pure  country 
air  of  polluted  colliery  air  brought  in  by  the  wind. 

The  results  are  stated  as  percentages  by  volume  of  CXDq  in  the  air 
taken  from  the  localities  indicated. 


The  top  of  the  Castle-rock  ;  fresh  air, 
University  College,  the  grounds, 

„  „        the  chemical  laboratory, 

Masonic  Hall,  lower  room,  12  p.m.,    . 
„  ,,     upper  room,  during  dancing. 


0-038 
0048 
0-069 
0179 
0*812 
0-326 


Circus  building,  promenade,  10  p.m., 

Private  sitting-room,  1620  cubic  feet  capadty,  open 

fireplace,  closed  for  3  hours  with  two  persons  and 

three  gas-jets, 0*284 

Committee  room,   closed  for  2^    hours  with  fifteen 

persons  and  twenty-seven  gas-jets,      .        .        .    0*418 
Wesleyan  Chapel,  near  floor,  after  afternoon  service, 

windows  and  doors  closed, 0*218 

Pasture  fields,  Derbyshire,  wind  from  hills,  bright 

morning, O'OSO 

Pasture  fields,   Derbyshire,   wind  from  village  and 

ooUieiy,  morning  misty,      .....    0*045 
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The  aboTe  naults  senre  eb  a  meuure  of  the  adequacy  of  the  Tenti- 
lating  arrangemente,  which  yaries  inyenely  as  the  proportion  of 
carbon  dioxide  found  in  the  air.  The  best  yentilated  building  was 
the  College  laboratory,  in  which  the  sample  was  collected  in  the  eyen- 
ing,  while  about  thirty  students  were  engaged  in  practical  work 
with  a  corresponding  number  of  Bunsen-bumeis  and  illuminating 
gse-jets. 

It  will  be  noticed  that  before  a  judgment  was  formed  as  to  the 
adequacy  of  the  yentilating  arrangements  in  the  College  laboratory,  a 
determination  of  the  percentage  of  carbonic  dioxide  present  in  the  air 
outside  the  laboratory  was  made  as  well  as  of  the  air  in  the  laboratory 
itself. 

This  double  determination  is  often  necessary,  since  in  certain  places 
it  cannot  be  assumed  that  the  external  air  contains  only  0*088  per 
cent,  of  carbon  dioxide,  and  manifestly  the  internal  air  should  be  com- 
pared with  the  air  outside  the  inclosure  which  is  being  examined. 
Recent  experiments  haye  shown  that  external  air  in  London,  which  in 
fine  weather  contained  only  0*085  per  cent  of  carbon  dioxide,  con- 
tained in  foggy  weather  as  much  as  0*1  per  cent. 

The  air  from  the  colliery  district  was  rendered  impure  by  large 
heaps  of  burning  **  waste,"  as  well  as  by  the  air  from  the  yentilating 
shafts  of  the  *'  pits." 
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VAPOUR  DENSITY  DETERMINATIONS. 


733.  Introductory  Eemarks. — By  the  term  "vapour 
density  "  is  usually  meant  the  density  or  specific  gravity  of  a 
vapour  referred  to  that  of  hydrogen  as  tmity. 

For  chemical  purposes,  hydrogen  is  invariably  selected  as 
the  standard  instead  of  air,  aud  mainly  for  the  following 
reason.  It  is  acknowledged  that  equal  volumes  of  gases  and 
vapours,  under  similar  conditions,  contain  an  equal  number 
of  molecules,  and  that  the  molecule  of  hydrogen  consists 
of  two  atoms ;  accordingly  the  molecular  weight  of  a  gas  or 
vapour  may  be  obtained  by  multiplying  the  density  by  2. 
The  determination  of  the  vapour  density  of  a  substance 
therefore  furnishes  a  means  of  ascertaining  its  molecular 
weight.  This  method  is  supplementary  to  others  which 
have  been  already  described  (674-676). 

The  most  recent  method  of  determining  vapour  density  is 
that  of  Victor  Meyer  (734).  It  presents  the  advantage  of 
simplicity  as  regards  the  apparatus  used,  the  manipulation, 
and  the  calculation  of  the  result;  it  further  requires  the 
use  of  a  small  amount  of  substance  only. 

The  method  of  Dumas  (736)  is  more  complicated  in 
every  respect,  and  requires  a  larger  amount  of  substance. 


The  Meteb  Vapour  Density  Method. 

734*  This  method  determines  the  volume  of  vapour,  which 
is  producible  from  a  known  weight  of  a  volatile  substance, 
by  measuring  the  volume  of  air  which  the  vapour  displaces. 
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The  volume  of  the  displaced  air  is  measured  in  cc.  at 
atmoepherio  temperature  and  pressure,  and  while  saturated 
with  aqueouB  vapour.  The  corrected  volume,  when  dry  and 
uuder  normal  conditions,  is  oaloulated  (685,  2),  This  will  re- 
present the  volume  which  the  vapour  of  the  Hubstance  would 
poeseas  if  it  could  exist  under  normal  conditions.  The  weight 
of  an  equal  volume 
^'*-  "*-  of  hydrogen  U  then 

obtained  by  multi- 
plying the  number 
ofcc.  by  00000896, 
and  by  dividing  the 
weight  of  the  sub- 
attince  taken  by  this 
weight  of  hydrogen, 
the  density  of  the 
vapour  of  the  sub- 
stance is  obtuned. 

The  Apparatus 
which  IB  Employed 
for  the  determin&- 
don  is  shown  in  fig. 
112. 

The  inner  vapour- 
tube  (b)  consists  of 
a  long  narrow  tube 
which    is   enlarged 
in  a  long  cylindri- 
cal bulb  below.  The 
whole  tube   has  a 
capacity    of   about 
200  cc     This  tube  (&)  is  somewhat  broader  at  the  top,  so 
as  to  admit  of  being  closed  by  the  insertion  of  a  tightly 
fitting  cork.     A  short  distance  below  the  top,  a  bent  capillary 
delivery-tube  (e)  enteis  at  right  angles. 

A  broad  outer  tube  (a),  which  is  enlarged  Into  a  bulb  at 
the  bottom,  serves  as  a  heating- jacket  for  the  inner  vapovtr- 
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tube.  A  liquid,  which  has  a  much  higher  boiling-point  than 
that  of  the  liquid  whose  vapour-density  is  to  be  determined, 
is  placed  in  the  bulb  of  this  jacket. 

Water  is  frequently  used  in  the  outer  jacket,  but  bodies  of 
higher  boiling-point  than  water  are  often  required.  Amylic 
alcohol,  aniline,  and  sulphur  are  amongst  those  most  fre- 
quently employed.  A  suitable  form  of  air-jacket  is  some- 
times used :  and  if  the  vapour-tube  is  made  of  porcelain,  it 
may  be  immersed  in  melted  lead,  or  in  the  vapour  of  boiling 
zinc,  when  a  higher  temperature  is  required. 

A  measuring-tube  (d),  of  about  100  c.c.  capacity  and 
graduated  into  fifths  of  a  cc,  is  filled  with  water  and  is 
inverted  in  a  vessel  of  water.  This  stands  at  a  convenient 
height  for  collecting  the  air  escaping  through  (c).  A  labo- 
ratory stool,  placed  upon  the  working  bench,  is  generally  of 
suitable  height  for  supporting  the  vessel  of  water. 

735.  The  Process  of  Estimation. — For  practice  in  the 
method,  the  vapour-density  of  pure  ether  may  be  determined 
in  the  following  manner. 

The  ether  is  freed  from  alcohol  by  washing  it  with  salt  water ;  it  is 
then  dried  by  being  shaken  with  powdered  caldnm  chloride.  The 
last  traces  of  water  are  removed  by  dropping  into  the  ether  some  clean 
slices  of  sodiom,  and  allowing  the  liquid  to  stand  for  several  hours  in  a 
loosely  corked  flask,  nntil  no  more  bubbles  of  hydrogen  escape  from  the 
snrfaoe  of  the  sodium.  The  ether  is  then  distilled  off  through  a  dry 
condenser  into  a  clean  dry  bottle.  The  first  portion  of  the  distillate  is 
rejected,  and  only  that  portion  is  collected  which  boils  at  34"* '6  G. 

The  apparatus  is  fitted  up  as  is  shown  in  fig.  112.  The 
interior  of  the  vapour-tube  having  been  thoroughly  cleaned 
and  dried,  a  pad  of  dry  asbestos  is  pushed  down  to  the 
bottom,  and  the  top  is  then  dosed  by  the  cork.  The  bulb 
of  the  jacket-tube  is  then  half-filled  with  water,  and  the 
vapour-tube  is  fitted  centrally  into  the  mouth  of  the  outer 
tube  by  pressing  in  the  two  halves  of  a  bisected  cork,  in 
which  small  openings  are  made  for  the  escape  of  steam. 
The  collecting  trough  is  now  arranged  at  such  a  height  that 
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the  curved  end  of  the  deliveiy-tube  dips  beneath  the  water 
when  the  tube  is  clamped  in  position  over  the  burner.  The 
water  in  the  outer  tube  is  now  heated  to  boiling,  and  is 
kept  boiling  vigorously  by  the  Bunsen-bumer,  so  as  to  cause 
steam  to  escape  through  the  cork  in  the  top  of  the  jacket- 
tube. 

As  soon  as  no  more  air-bubbles  escape  through  the  water 
in  the  trough  from  the  delivery-tube  (c)  the  cork  is  loosened 
in  the  top  of  the  vapour-tube,  since  the  air  within  it  has 
reached  steam-heat  and  the  tube  is  -therefore  ready  for  the 
determination.  The  measuring-tube  (d)  is  filled  with  water 
and  is  clamped  in  position  over  the  end  of  the  delivery- 
tube  {c). 

Meanwhile  a  little  glass  tube  about  an  inch  in  length  is 
made  out  of  quill  tubing,  one  end  being  closed,  and  the  other 
being  drawn  out  to  a  capillary  (fig.  113,  a).  The  tube  is 
weighed,  and  a  suitable  quantity  of  the  pure  ether  ia  in- 

Fio.  118. 


c 


[Aeiual  »iu.] 

troduced  into  it^  by  heating  the  tube,  and  allowing  it  to 
cool  with  its  capillary  point  immersed  in  the  liquid.  The 
tube  is  then  re-weighed,  with  the  capillary  end  open.  Its 
gain  in  weight  gives  the  weight  of  the  ether  taken  for  the 
experiment. 

The  little  glass  tube  for  containing  the  weighed  liquid  in  tbe  above 
process  may  be  furnished  with  an  accurately-fitting  small  stopper  (fig. 
118,  b).  This  is  made  by  grinding  a  piece  of  glass  rod  into  the  month 
of  the  tube  with  wetted  emery  powder  or  boro-comndum.  The  necessity, 
of  making  a  fresh  tube  for  each  determination  is  thns  obviated. 

The  open  tube  containing  the  ether  is  then  at  once  dropped 
into  the  vapour-tube,  which  is  immediately  dosed  by  the 
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cork.  The  ether  will  begin  to  boil,  and  its  vapour  will 
displace  air  from  the  vapour-tube,  which  will  escape  in  a 
stream  of  bubbles  into  the  measuring-tube.  As  soon  as 
no  more  bubbles  escape,  the  cork  of  the  vapour-tube  is 
removed. 

The  measuring-tube  (d)  is  then  removed  to  a  tall  cylinder 
of  water,  which  should  be  at  the  temperattire  of  the  air. 
The  tube  is  wholly  immersed  in  the  water,  and  as  soon  as 
its  contents  have  gained  the  temperature  of  the  water,  the 
tube  is  raised  until  the  water  inside  and  outside  are  at  the 
same  level.  The  volume  of  the  air  is  then  carefully  read  off, 
and  the  temperature  of  the  water,  and  the  barometric  pressure, 
are  noted  at  the  same  time. 

Galculation  of  Begults. — All  the  data,  necessary  for  the 
calculation  of  the  vapour-density  of  the  ether,  have  now  been 
obtained.     According  to  paragraph  685}  ^) 

rn,  .      ..       S  X  760  X  (1  +  0-003665A 

The  vapour  density  =  — -. ^ — ^  ^^^^^^^  ^> 

^  ^     vx(p-w)x  00000896 

In  which  formula  : — 

S  =  weight  of  substance  taken. 
t  B  temperature  of  the  water  in  the  cylinder. 
z;«  observed  volume  of  air  in  c.c. 
p  =  barometric  pressure,  reduced  to  0"*. 
to  =  tension  of  water-vapour  at  t*, 
0'0000896«  weight  of  1  c.c.  of  hydrogen. 

Example. — In  a  determination  of  the  vapoar-density  of  ether,  the 
following  numbers  wen  noted  down  : — 

Weight  of  ether  taken= 0*073  gram. 
Tem peratnre  of  water = 2 1  *  6  G. 
Volume  of  air  displaced  =  26 '8  c.c. 
Barometric  pressure  at  0**= 71 8' 6  mm. 
Tension  of  aqueous  vapour  =19*07  mm. 

*^  ^      26-8x  (718*6- 19-07)  X  00000896 
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Thi  Dumas  Yapoub  Dsnbitt  Method. 

736.  This  method  determines  the  weight  of  a  definite 
volume  of  the  vapour,  measured  at  a  known  temperature  and 
pressure.  From  this  result  the  volume  which  the  vapour 
would  possess,  if  it  could  exist  under  normal  conditions  of 
temperature  and  presstire,  is  calculated  (6S5, 1).  The  weight 
of  an  equal  volume  of  hydrogen  is  then  obtained  by  calcula- 
tion, and  the  vapour-density  of  the  substance  is  found  by 
dividing  the  weight  of  the  vapour  by  that  of  the  hydrogen. 

737.  The  Apparatus  Bequired  for  the  Process  is  shown 
in  fig.  114.  A  large  thin  glass  bulb,  with  its  neck  drawn 
out,  is  used  for  containing  the  vapour :  it  has  a  capacity 
of  about  200  c.c.  Such  a  bulb  may  be  purchased,  or  may 
be  made  by  drawing  out  the  neck  of  a  roimd  flask.  After 
the  liquid  has  been  introduced,  the  bulb  is  supported 
in  a  double  clamp,  and  ia  immersed  in  a  suitable  liquid 
contained  in  a  large  vessel,  preferably  of  metal:  a  laige 
copper  water-bath  serves  very  well.  The  bath  is  placed  on 
a  tripod-stand,  and  is  heated  by  a  gas-burner.  The  tem- 
perattire  of  the  liquid  in  the  bath  is  taken  by  means  of  a 
thermometer,  the  bulb  of  which  is  placed  near  the  middle  of 
the  vapour-bulb. 

738.  The  Process  of  Estimatioa — ^For  practice  in  the 
process,  the  vapour-density  of  pure  benzene  may  be  deter- 
mined in  the  following  manner. 

The  empty  apparatus  having  been  arranged  as  is  shown  in 
fig.  114,  the  bulb  is  removed  together  with  its  clamp.  The 
bath  is  then  nearly  filled  with  water,  which  is  heated  to 
boiling. 

Meanwhile  the  clean,  dry  bulb  is  weighed,  after  remaining 
in  the  balance-case  for  some  time.  About  20  c.c.  of  the 
pure  benzene  are  then  introduced  into  the  bulb,  by  heating 
it  and  allowing  it  to  cool  with  its  open  end  immersed  in  the 
liquid. 
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The  bulb  is  now  Gxed  in  ita  clampa  and  ia  immereed  in 
the  gently  boiling  water  in  the  bath,  with  the  end  of  the 
tube  projecting  about  half  an  inch  above  the  Burrace  of  the 
water.  The  bulb  is  clamped  lu  this  position.  The  ther- 
mometer ia  aluo  at  once  fixed,  with  ite  bulb  level  with  the 
middle  of  the  vapour-bulb  and  cloee  to  it. 

The  benzene  will  boil  vigorously,  and  the  vapour  which  it 
evolves  will  pass  out  from  the  neck  under  preseure,  expelling 


the  air  from  the  bidb.  After  the  vapour  has  issued  for  some 
time  and  b^na  to  escape  more  quietly,  it  may  be  kindled  at 
the  end  of  the  tube.  The  dropping  of  the  flame  serves  to 
indicate  the  moment  at  which  the  issue  of  vapour  ceases. 
The  end  of  the  tube  is  then  at  ouce  sealed  by  bringing  a 
blowpipe-flame  to  bear  upon  it.  At  this  moment  the  tem- 
2k 
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peratiire  shown  by  the  thermometer  immersed  in  the  bath, 
and  the  barometric  pressure,  are  read. 

The  bulb  is  then  removed  from  the  bath,  and  is  at  once 
thoroughly  dried.  It  is  allowed  to  cool,  and  is  placed  in 
the  balance-case  for  some  time,  in  order  that  it  may  assume 
the  temperature  of  the  air  inside  the  case.  The  weight  of 
the  sealed  bulb  is  then  taken,  the  temperature  within  the 
balance-case  being  noted  at  the  same  time. 

A  file-scratch  is  now  made  near  the  sealed  end  of  the  tube 
of  the  bulb ;  and  the  end  is  broken  off  under  water,  which 
has  been  freed  from  air  by  having  been  recently  boiled  for 
some  time  and  then  rapidly  cooled.  The  bulb  will  become 
filled  with  water.  The  volume  of  any  air-bubble  which 
remains  in  the  bulb  may  be  found  by  transferring  it  to  the 
neck,  and  measuring  its  dimensions.  The  water  is  then 
allowed  to  flow  out  into  a  graduated  measuring-cylinder. 
The  volume  of  the  water,  together  with  that  of  any  air-bubble 
which  was  in  the  bulb,  will  give  the  capacity  of  the  bulb, 
when  the  volume  has  been  reduced  to  absolute  c.c  if 
necessary  (203).  The  water  may  be  weighed,  instead  of 
being  measured. 

739.  Oalculation  of  Besults. — ^All  the  data  for  calculate 
ing  the  vapour-density  from  the  corrected  volumes  (685>  2) 
have  now  been  obtained.  The  following  are  the  necessary 
data: — 

g  —  weight  of  bulb. 

6  «  apparent  weight  of  bulb  filled  with  vapour. 

t  ==  temperature  of  air,  second  weighing. 
T  =  temperature  of  bath,  at  sealing. 
p = barometric  pressure,  height  of  mercury  column  reduced 
toO". 

c  B  capacity  of  bulb  in  c.c. 

The  Weight  of  the  Vapour.  —  Neglecting  certain  cor- 
rections of  minor  importance,  the  weight  of  the  vapour 
which  filled  the  bulb  is  obtained  by  subtracting  the  weight 
of  the  bulb  from  the  apparent  weight  of  the  bulb  and 
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vapour,  and  adding  the  weight  of  the  volume  of  air  which 
was  displaced  by  the  bulb  at  the  temperature  (t)  and 
pressure  (jp)  of  the  last  weighing.     Accordingly: — 

cxpx  0*001293 
Weight  of  vapour ^^'Q+j^Qf^i^ OOOmbt) ' 

The  Weight  of  the  Hydrogen,  which  would  fill  the  bulb 
at  the  temperature  of  the  bath  (T),  and  at  the  barometric 
pressure  (p),  will  be  found  by  the  following  expression : — 

w  •  1.x    . ,     ,  cx/>x  0-0000896 

Weight  of  hydrogen  =  760(1  +  0-0036651)  • 

The  Vapour  Density  will  be  found  by  dividing  the  weight 
of  the  vapour  which  fills  the  bulb,  by  the  weight  of  an  equal 
volume  of  hydrogen  under  the  same  conditions.  Accord- 
ingly, making  use  of  the  results  of  the  above  calculations :  — 

mi-  J      -..        weight  of  vapour 

The  vapour-density  =  ^^eight  of  hydrogen  ' 

Example. — In  a  detenniiiation  of  yaponr-deDsity, 

Weight  of  the  biilb=28*683  grains. 

Apparent  weight  of  the  balb+ vapour =28*957  grams. 

Temperature  of  air =16**  C. 

Temperature  of  bath =112*  G. 

Barometric  pressure =756  mm. 

Capacity  of  bulb =180  cc. 

Therefore  the  weight  of  vapour  filling  the  bulb  at  112° 

-oQonT    oQAQfi      180  X  755  X  0001298 
-28  957 - 23-688+  7eo(l  +0008665  x  16)  -^• 

And  the  weight  of  an  equal  volume  of  hydrogen 

180x755x0-0000896 


"780(1 +0-008665x112) 

X 

Therefore  the  vapour-density  = — =48*85. 
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TABLB8  FOB  BBFESBENCE:— 

BBSULTS  OF  TYPICAL  ANALYSES. 
ATOMIC  WEIGHTS  OF  ELEMENTS. 
FACTORS  FOB  QBAVIMETBIC  ANALYSIS 
EXPANSION  OF  WATER 
PBESSUBE  OF  AQUEOUS  VAPOUR 
FACTORS  FOB  NOBMAL  QAS-VOLUMR 
ALCOHOL  TABLES. 
SPECIFIC   QBAVITY  OF    SOLUTIONS    OF 

ACIDS  AND  ATiKATJS. 
CONVEBSION    OF   THEBMOMETBIC   AND 

TWADDELL  DEQBEES. 
WEIGHTS  AND  MEASUBES. 
USEFUL  MEMORANDA. 


745.  Introdnctory  BemarkB. — ^This  Section  of  the  book 
contains  tabular  matter,  which  will  frequently  be  referred  to 
during  the  calculation  of  the  results  of  analysis,  as  well  as 
for  the  purposes  of  comparison  when  the  results  have  been 
calculated. 

The  results  obtained  from  typical  analyses  are  given  in 
Tables  74^773*  ^^^^  ^^  indicate  the  results  obtained 
from  the  analysis  of  various  substances,  and  will  serve  as  a 
standard  of  comparison  for  the  student  after  he  has  calcu- 
^tcd  his  results. 
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During  the  calculation  of  the  results  of  gravimetric  analyses, 
reference  to  the  table  of  Atomic  Weights  (774)>  '^^  often 
be  necessary.  The  use  of  the  Factors,  or  their  Logarithms, 
for  Gravimetric  Analysis  (775)  will  much  lessen  the  labour 
of  calculation. 

Kopp's  Table  for  the  Expansion  of  Water  by  heat  (77^) 
is  added  for  the  calculation  of  results  in  calibrating  mea- 
suring-vessels (203,  207,  691). 

The  Table  of  Factors  for  converting  the  Volume  of  a  gas  at 
any  temperature  and  pressure  to  its  Normal  Volume  at  O""  C. 
and  760  mm.  pressure  (77S)>  "^^  be  found  useful  in  gas 
analysis  and  in  vapour-density  determinations :  as  will  also 
Begnault's  Table  giving  the  Pressure  of  Aqueous  Vapour  at 
atmospheric  temperatures  (777)- 

The  Alcohol  Tables  (779,  780)  furnish,  from  the  specific 
gravity  of  dilute  alcohol,  the  percentage  of  absolute  alcohol, 
or  of  proof  spirit,  which  is  present  in  the  liquid. 

Similarly  the  tables  which  follow  (781-786)  furnish  the 
percentage  weights  of  stdphuric  acid,  hydrochloric  acid, 
nitric  add,  potassium  hydrate,  sodium  hydrate,  and  ammonia 
respectively,  which  are  present  in  aqueous  solutions  of  these 
substances  of  known  specific  gravity. 

Formula  for  the  convendon  of  Thermometric  Scales,  and 
for  calculating  specific  gravity  from  degrees  Twaddell,  and 
vice  verad^  follow ;  and  the  tabular  matter  concludes  with  a 
scheme  showing  the  relations  between  the  different  denomi- 
nations in  the  French  and  English  Weights  and  Measures^ 
and  a  number  of  Useful  Memoranda  of  general  application. 
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BE8ULT8  OF  TTPIOAL  ANALT8ES. 

Note, — ^The  nambeis  given  are  percentages,  unless  a  statement  in 
made  to  the  contrary. 


746.   Doix>MiTs,  OR  Magnhsian  Limbbtoki. 


Carbon  dioxide,     . 

Silica, 

Iron  and  Alnniinium  oxiden, 
Calcium  oxide, 
Magnesium  oxiile. 


747.  Spathic  Iron-Orh. 


Ferrous  oxide, 
Ferric  oxide, 
Manganous  oxide. 
Calcium  oxide, 
Magnesium  oxide, 
Caroon  dioxide,    . 
Phosphorus  pentoxide, 
Sulphur, 
Water, . 
Insoluble  residue, . 
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748.   Salt  Cakh. 


Water, 

Inaolnble  matter, 

Iron  and  Alnniininm  oxides, 

Calcinm  oxide, 

Magnesium  oxide, 

Snlphur  trioxide, 

Chlorine, 

Sodinm  oxide 

0-06 
0-19 
0-14 
0-20 
018 

67-17 
0-02 

41-86 

749.  Felspar. 


Silica,  .... 
Iron  and  Alnmininm  oxides, 
Caloinm  oxide, 
Magnesium  oxide, 
Potassium  oxide,  . 
Sodium  oxide. 


750.   Glass. 


I. 

a 

Ul 

Silica, 

Potassinm  oxide».  • 

Sodium  oxide,       

Calcium  oxide,      .        ..       •. 
'   Lead  oxide,  ...... 

Iron  and  Aluminium  oxides, . 

71-71 

12-70 

2-60 

10-80 

•  •  ■ 

9-60 

70'7l 

18-26 
18-88 

a  •  • 

1-92 

61-40 
9-40 

87-40 
2-00 

1 

'        I^  Bohemian  glass.     II.  Window  glass.     III.  Flint  glass. 
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PERCENTAGE  BESULTS  OF 


[751-754, 


751.   ZiNo  Blende. 


Inaoluble  reBidae, 
Copper, 
Iron,    . 
Sulphur, 
Zinc,     . 


14*48 
1-81 
12-61 
28*40 
48-06 


Oorrespouding  to  ZnS,  64*2  ;  FeS,  19*8. 


752.   Oalbna. 

Snlphnr, 

Lead,    

Iron, 

Manganese, 

Silver, 

753.  Copper  Pyrites. 

Snlphnr, 

Copper, • 

Iron, 

IniBoluble  residue, 

754.   Brass. 

Copper, 

Zinc, 

Tin, 

Lead,    


18-90 

88-68 

0*88 

1-26 

0-14 


86-16 

80-00 

82-20 

2-64 


70-80 

29-80 

0-17 

0-28 
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755.   Bronzb  Coin. 


Copper, 
Tin,  . 
Zinc,    . 


94-85 
8*90 
1-14 


756.  Type  Mbtal. 

Leid. 

61-80 
18*80 
20-20 

— — ^f    '■■■•••* 

Antimony 

Tin, 

757.   Gbrman  Silvbr. 

758.    RbD   HiEMATITB   OrBS. 


I. 

IL 

Ferric  oxide, 

86*50 

98*75 

Manganoua  oxide,    . 

0*21 

Trace. 

Alumininm  oxide, 

•  •  • 

0*78 

Calcium  oxide. 

2-77 

0-61 

Hagnednm  oxide, 

1*46 

0*28 

Sulphur,  . 

•*. 

0*08 

Sulphur  trioxide, 
Caroon  dioxide, 

0-11 

•  •  • 

2-96 

•  •  • 

FhosphoruB  pentoxide. 

Trace. 

0*82 

Water,  and  organic  matter, 

•  •  « 

1*09 

Silica,  and  insoluble  matter,     . 

6*55 

8-27 

L  Ore  from  Ulyerstone,  Cumberland.    II.  Ore  from  L 

ake  Superior. 
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PKBCKNTA6K  RBSULTB  OF 


[7M>-761, 


759.  Iron  and  Stbbl. 


.            ^ 

WroDch^ 

r_^^ 

Ifon. 

Iron. 

sued. 

Iron,  .... 

98-801 

99-18 

99-445 

Graphite,    • 

2-980 

■  ■• 

•  •• 

Combined  carbon. 

0-618 

0-15 

0*284 

SUioon,      . 

2-72 

0-14 

0-088 

Solphnr,    . 

0*082 

0-04 

•  •  ■ 

Phoephonu, 

0-089 

0-47 

0-044 

Manganese, 

0-106 

0*14 

0189 

Copper,      . 

0-010 

•  «• 

0-106 

Arsenic, 

0*076 

••• 

B  •   ■ 

76a  Coal. 


Anthradte. 

Non-ealdaf 
LooirflaBM. 

Odrtiif  Coal. 

MoiBtnre,    . 

Volatile  matter,  . 

Coke,. 

Aah,  .... 

1*92 

10-88 
87*2 
1-98 

11-72 

47-84 

50-08 

2-68 

4-88 
86*92 
57-94 

1-78 

Snlphur,     . 

1-54 

0-57 

2-11 

Calorific  power,  . 

9500 

7425 

7484 

761.    SUPHBPHOSPHATH  OF  LiXB. 


Moistnre, 
Organic  matter,    . 
Sohible  phosphate, 

[Eqnal  to  CajCPO^y, 
Insoluble  phosphate, 
Calcium  snlphate. 
Alkalis,  Ac, 
Sand,    . 
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762.   Cambridgh  Gopboltths. 


Moisture, 
Combined  water, 
Ori^io  matter, 
SilidouB  matter,    . 
Galcinm  phoephate, 
Oaleinm  carbonate. 
Iron  oxide, 
Alomininm  oxide, 
Magneainm  oxide,  alkaUe,  kc , 


763.  BoNi  Flour. 


Moisture,      ••••••• 

^Orsanio  matter, 

Galcinm  phosphate, 

fOaldnm  carbonate,  he.,        .... 

Sand, 

8-46 

17-29 

63*99 

8-97 

1-80 

*Ck>ntainlng  nitrogen, 

(Eqnal  to  ammonia), 

fContaining  ealcinm  oxide,     .... 

1*86 

1-6 

4-67 

764.  Basic  Slag. 


Moistnre, 

Galdnm  oxide,      ...... 

*PhoBphoni8  pentoxide, 

Ferrous  oxide,  Ac, 

Silica, 

0-18 
82-42 
18-44 
89-46 

9*66 

♦Equal  to  Os,(P04)^ 

40-26 
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PKBGEKTA6E  BKSULT8  OF 


[765-7«7, 


765.  Pbbuvian  Guano. 


Moisture,      .*....• 
*Or«anic  matter, 

Calcium  phoaphate,  CaJPO.)^, 
tAlkalis,  fc, 

Sand, 

973 
40-19 
19-00 
18-05 
18-05 

^Containing  nitrogen, 

Equal  to  ammonia, 

tContaining  P,0,, 

Eoual  to  Ch(K)^ 

Total  P,0„ 

Equal  to  Ca^P04)4, 

8-45 
10-26 
0-40 
0-87 
9*10 
19-87 

766.  Watbr. 
Paris  per  100,000. 


Upland 
Sniface. 


Total  solids, 

Ammonia,  . 

Albuminoid  ammonia, 

Oxygen  consumed, 

Chlorine,    . 

Nitrite, 

Nitrogen  as  nitrate. 

Temporary  hardness, 

Permanent 

Total 


11 


t* 


7*8 

Nil. 

0-002 

0*06 

0*8 

Nil. 

Nil. 

Nil. 

2-8 

2*8 


Deep  Well 

ShaUow 
Well 

(Nottlnghani). 

(BelToirX 

19*4 

69-5 

Nil. 

0-001 

0  002 

0-008 

0*037 

0-006 

1-6 

4*8 

NU. 

Nil. 

0*78 

2*83 

97 

16*4 

8-6 

28-4 

18*2 

38-8 

Trent 

Rtfer  Water 

(Pottntod). 


66*4 
0-074 
0-111 
0-082 
6-6 
Nil. 
0-88 

18-6 

16*5 

36*0 


767.  Milk. 


Ck>nnti7-mflk. 

Town-milk. 

ATenig»*]Bllk. 

Water, 

Fat,     .        .        . 

Casein, 

Milk-sugar,  . 

Ash,     . 

87*66 
8*07 
4*04 
4*63 
0-71 

85*94 
4*00 
501 
4*81 
074 

87-1 
4-1 

8-8 

J 
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768.    BUTTBB. 

Water,    . 

6-5 

9-7 

12*4 

11'2 

Cnrd,      • 

2-4 

8-5 

1*6 

8*1 

Salt,       . 

1-6 

2*1 

1-0 

2-0 

Fat, 

89*5 

84-7 

86-1 

88-7 

769.  Palh  Bhsin  Soap. 


Fatty  anhydride,  .... 
Sodium  oxide  (soda)  in  combination, 

Resin, 

Sodinm  silicate,    .... 

Silica 

Sodinm  carbonate, 

Sodinm  hydrate  (caostic  soda), 

Water, 


770.  S0AP& 


Cnid. 

CutlUe. 

TiDow. 

atdt 

Water,    . 

27-6 

14-0 

20*9 

88*4 

Fatty  acids,    . 

67-7 

77-0 

710 

48*4 

Alkali,  combined,   . 

7-8 

87 

8-9 

12*0 

Alkali,  free,    . 

0*1 

0*8 

0-8 

8*2 

SiUca,     . 

0-5 

•  •  ■ 

•  •  a 

0*2 

Iniolnble  in  alcohol, 

«  •  • 

1-1 

1*8 

1*1 

771.  Coal  Gas. 


Oarbon  dioxide,     . 

Oxygen, 

Olefines  and  Benzenes, 

Carbon  monoxide. 

Methane, 

Hydrogen, 

Nitrogen  (by  difference) 


526 


PEBCKNTAGI  RKULTB  OF 


[772,  773, 


772.  Blabt-Fvbnaoi  Gas. 

Carbon  diozldey    • 

Oxygen, 

Carbon  monoxide, 

Ethylene, 

Hyarogen,    ....... 

Methane, 

Kitrogen  (bj  diflbrenoe),       .... 


6-8 
0-1 

29-8 
0-0 
5-4 
2-2 

55-7 


773.  Gasbs  D18SOLVSD  nr  Wateb. 

a.  Percentage  Gompoaition  of  Total  Gas  eyolved 

on  boiling. 


BalB-ivmtor. 

Nottlo^unB 

Gnmd 

Jnnctton 

OumL 

Deep 
Ghalk  weU. 

OxygOD, . 
Kitrogen, 
Carbon  diosdde, 

80-7 

61-8 

7-5 

22-0 
66-2 
11-8 

9*8 
22-1 
68-1 

0-4 
25-9 
73-7 

b.  Volume  of  Gas  in  c.c.  evolved  from  100  c.c 

of  Bain-water. 


AtM*C. 

By  Boiling. 

TotaL 

Oxygen, 
Kitragen,    . 
Carbon  dioxide,    . 

0-671 
1*348 
0-045 

0*014 
0*088 
0-071 

0-685 
1-381 
0-116 

Total  volnmea,     . 

2-064 

0*118 

2-182 

778.] 
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0.  Volume  of  Gas  in  cc  evolyed  from  100  ac.  of  NotMng- 
ham  Water  Supply  (deep  wells  in  sandstone). 


« 

At  16'6*  C. 

Br  BoiUng. 

Total. 

Oxygen, 
Nitrogen,     . 
Oarbon  dioxide,    . 

0*40 
1*24 
0*10 

076 
2-26 
0*52 

1*16 
8*49 
0*62 

Total  Yoltunes,     . 

1*74 

8-58 

6-27 

d.  Volume  of  Gras  in  c.c.  evolyed  from  100  c.c. 
of  Grand  Junction  Canal  Water. 


At«yc. 

By  BolllDg. 

Total 

Oxygen, 
Nitrogen,     . 
Carbon  dioxide,    . 

0*609 
1-891 
0*420 

0*011 
0*007 
8*877 

0*620 
1*898 
4*297 

Total  Tolnmes, 

2-420 

8*895 

6-815 
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774.  ATOMIO  WEIGHTS  OF  THE  ELEMENTS. 

The  numbers  are  those  given  for  the  year  1900  by  the 
Atomic  Weights  Committee  of  the  German  Chemical  Society. 


K«me. 

Symbol. 

Atomie 
Weiffbt. 

1 

Name. 

Symbol. 

Atomic 
Weight. 

Al 

J7-10 

Neodymlvm . 

Nd 

148-60 

AnfliiiOB7     . 

Sb 

120-00 

1  Nickel . 

Ni 

58^70 

Aigon  . 

A 

4000 

Nlobtom 

Nb 

9400 

Arsenic 

Ab 

75-00 

Nitrogen 

N 

14*04 

Bariimi 

Ba 

187-40 

Osmium 

Os 

191-00 

BeiyUliim 

Be 

910 

Oxygen 

0 

16O0 

Bl 

20850 

Palladlnm    . 

Pd 

106-00 

Boron  • 

B 

11-00 

Pboepboms  . 

P 

31-00 

Br 

79-M 

'  Platinnn 

Pt 

194-50 

Cadmiiiin 

Cd 

llS-40 

,  Potasdnm    . 

K 

89-15 

Caalnm 

Cs 

13300 

Praseodymium 

Pr 

140*50 

Galdom 

Ga 

40-00 

1  Rhodium 

Rh 

10800 

Carbon 

C 

12-00 

1  Rubidium 

Rb 

86-40 

Cerlvin 

Ce 

140-00 

Ruthenium  . 

Ru 

101-70 

Chlorlno 

CI 

85-45 

Samarium    . 

Sa 

15000 

Chrominin    . 

Cr 

5210 

Scandium 

^ 

4410 

Cotalt . 

Co 

59-00 

Selcnion 

So 

79-10 

Copper. 

Cu 

68-60 

Silicon . 

SI 

28-40 

£ 

166-00 

Silver  . 

Ag 

107-98 

Flaorine 

F 

19-00 

Sodium. 

Na 

28-06 

GalUnm 

0 

70-00 

Sr 

87-60 

Oermanlam . 

Ge 

72-00 

Sulphur 

S 

8206 

Gold    . 

An 

197-20 

Tantalum 

Ta 

188-00 

HeUam 

He 

4-00 

Tellnrion 

Te 

127-00 

Hydrogen 

H 

1-01 

Terbium 

Tr 

160-00 

Indlom 

In 

11400 

Thallium 

Tl 

20410 

lodiaa. 

I 

126-85 

Thorium 

Th 

282-50 

Irldlom 

Ir 

198-00 

TUi       .        .        . 

Sn 

118-50 

Iron     . 

Fe 

56-00 

Titanium 

Tl 

48-10 

Lantlianiiin  . 

La 

188-00 

Tungsten 

W 

184-00 

Lead    . 

Pb 

206-90 

Uranium 

U 

239-50 

Lltblom 

L 

7-08 

V 

51-90 

Magneslimi  . 

Mg 

24-86 

Ytterbium    . 

Yb 

178-00 

Manganese  . 

Mn 

55-00 

Yttrium 

Y 

89-00 

Mercnry 

Hg 

200-80 

Zinc     . 

Zn 

65-40 

Molybdenum 

Mo 

96-00 

Zirconium    . 

Zr 

90-70 

775.] 
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FAOTOBS  FOB  OEAVIMETSIC  ANALTSIS. 

775-  ^®  following  Factors,  or  their  logarithms,  may  be 
iised  to  facilitate  the  calculation  of  results  from  the  weights, 
which  are  obtained  by  gravimetric  analysis.  The  weight  of 
the  substance  standing  in  the  second  column,  when  multi- 
plied by  the  factor,  furnishes  the  corresponding  weight  of 
the  substance  standing  on  the  same  line  in  the  first  column. 
Thus  the  weight  of  Ag  in  064  gram  of  AgCl  =  0*64  x  0-75276 
=  0-48176. 


Reqnired 

Weighed  as 

Factor. 

Logarithm. 

Ag 

AgCl 

0*76276 

1-87665 

AgCl 

Ag 

1-32846 

0-12385 

AgBr 

Ag 

1*74085 

0-24077 

Al 

AlaO, 

0*68088 

1-72465 

As 

Ah^ 

0-60981 

1-78484 

As 

MgjAsaOy 

0-48275 

1-68372 

At«0, 

AsA 

1        0*80429 

1-90641 

AsaOa 

Mg^ASgO^ 

0-68723 

1-80480 

AsaO, 

AsA 

0*93428 

T-97048 

Aa,Oa 

MgjAsaOy 

0-74021 

1-86986 

AsO^ 

A%8, 

11 2926 

0*52809 

A8O4 

MgaAsjOy 

0-89470 

1*95168 

Ba 

BaSO, 

0-68864 

1-76977 

BaO 

BaSO^ 

0-66707 

1-81761 

Hi 

BijO, 

0-89677 

1-95268 

BaO, 

AgCl 

0-48762 

1-68799 

Br 

AgBr 

0*42657 

1-62897 

Cd 

CdS 

0-77807 

1-89002 

CdO 

CdS 

0*88888 

1*94881 

Ga 

CaO 

0-71429 

I-85S87 

Ca 

CaCO, 

0-40000 

1-60206 

CaO 

CaCO, 

0-66000 

1-74819 

2l 
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Reqaired 

Weighed  as 

Factor. 

Logarithm. 

C 

CO, 

0-27278 

1-48678 

CO, 

CO, 

1-86364 

0-18470 

CI 

AgCl 

0-24724 

1-89811 

CIO, 

AgCl 

0-68208 

1-76494 

ON 

Ag 

0-24127 

1-38260 

CN 

AgCN 

0-19487 

1-28863 

Cr 

CrA 

0*68463 

1-88645 

CrO, 

CrA 

1-81637 

0-11906 

Cr04 

CrjO, 

1-52562 

0-18845 

CoO 

Co 

1-27119 

0-10421 

Cu 

CaO 

0*79828 

1-90213 

Cq 

CivS 

0-79869 

1-90288 

CuO 

CuaS 

0-99968 

1-99984 

F 

CaFa 

0-48718 

1*68769 

Fe 

FeaO, 

0-70000 

1-84610 

H 

HjO 

0-11111 

1-04676 

HCl 

AgCl 

0-26422 

1-40621 

HCN 

AgCN 

0-20184 

1-80600 

Hg 

HgS 

0-86202 

1-98662 

H^O, 

BaS04 

0*42008 

1-62828 

I 

Agl 

0-64081 

1-73264 

K 

K,S04 

0*44907 

1-65232 

K 

KaPtCle 

0-16118 

T-20780 

KjO 

KaS04 

0-64084 

T-78306 

KaO 

KjPtCle 

0  19411 

1-28806 

KgO 

KCl 

0-68204 

T-80074 

KCl 

KjPtCl, 

0*80712 

1-48731 

Mg 

MgjPaO, 

0-21876 

1-83996 

MgO 

MfoPaOy 

0*86248 

1-66922 

Mn 

Mn304 

0-72062 

1*86766 

MnO 

Mn,04 

0*93013 

1-96864 

Mn04 

Md,04 

1-66895 

0*19288 

Na 

NaaS04 

0-32428 

1-61092 

775.] 
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Reqaired 

Weighed  as 

Factor. 

Logarithm. 

Na 

NaOl 

0-39412 

1-69663 

NasO 

NaaS04 

0-48683 

T-64031 

KasO 

NaCl 

0-63086^ 

'"T-72497 

m 

NIC 

0-78194 

1-89682 

N 

Pt 

0-14416 

1*16881 

N 

(NH4)8PtCle 

0*06830 

S*80143 

NH, 

Pt 

0-17491 

1*24291 

NH, 

(NH4)»PtCle 

0-07683 

S-88663 

NH4 

Pt 

0  1852^ 

1-26768 

NH4 

(NH4),PtCl, 

0  08133 

^-91029 

Pb 

PbO 

0*92822 

1-96765 

Pb 

PbS04 

0-68293 

1-83437 

PbO 

PbS04 

0-73674 

I -86678 

P 

MgaPA 

0-27838 

1*44463 

PA 

MgaPgOy 

0-63767 

1-80453 

PO4 

MgaPA 

0-86309 

1-93099 

Sb 

SbA 

0-71390 

1-86364 

Sb 

Sba04 

078948 

T-89784 

Sb,0, 

SbA 

0-86668 

1*98282 

SbaO, 

Sba04 

0-94737 

1*97662 

Si 

SiOa 

0-46703 

1-66934 

8n 

SnOfl 

0-78738 

1*89618 

Sr 

SrS04       ^  - 

0*47697 

1-67849 

SrO 

SrS04 

0*66409 

1-76136 

S 

BaS04 

0*13782 

1*13776 

SOa 

BaS04 

0*27440 

1*48837 

SO, 

BaS04 

0-34293 

1-63620 

SO4 

BaS04 

0*41146 

1-61483 

SiOs 

BaS04 

0-24013 

1-38044 

Zn 

ZnO 

0-80344 

1-90496 

Zn 

ZnS 

0*67104 

1-82676 

ZnO 

ZnS 

0-83621 

1-92180 
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776.  Expansion  op  Watbb  (Kopp). 

■ 

Temperttnre, 
CentSgnule. 

Volume 
(Volnme  at 

<r»i). 

Density 
(Density  at 

1000000 

Volome 
(Volume  at 

Density 
(DensitTat 

•0 

100000 

1-00012 

0-999877 

1 

0-99995 

1000058 

100007 

0-999930 

2 

0-99991 

1000092 

1  00008 

0-999969 

8 

0-99989 

1-000115 

1-00001 

0-999992 

1          4 

0-99988 

1000123 

1-00000 

1-000000 

6 

0-99988 

1000117 

1-00001 

0*999994 

6 

0-99990 

1000097 

1-00008 

0-999973 

7 

0-99994 

1000062 

1-00006 

0-999989 

8 

0-99999 

1-000014 

1-00011 

0-999890 

9 

100005 

0-999952 

1-00017 

0-999829 

10 

100012 

0-999876 

1-00025 

0-999758 

11 

1-00021 

0-999785 

100034 

0-999664 

12 

100081 

0  999686 

1*00044 

0*999562 

13 

1  -00048 

0-999572 

1-00055 

0-999449 

14 

1-00056 

0-999445 

1-00068 

0*999822 

15 

100070 

0-999306 

1  -00082 

0-999188 

16 

100085 

0-999155 

1-00097 

0-999082 

17 

100101 

0-998992 

1-00113 

0-998869 

18 

1  00118 

0-998817 

1-00181 

0-998695 

19 

100137 

0*998631 

1-00149 

0-998609 

20 

1-00157 

0-998485 

1-00169 

0-998312 

21 

1-00178 

0-998228 

1  -00190 

0-998104 

22 

1-00200 

0-998010 

1-00212 

0-997886 

28 

1  -00223 

0-997780 

1  -00235 

0-997657 

24 

1-00247 

0-997541 

1  -00259 

0-997419 

25 

1  -00271 

0  997293 

1-00284 

0-997170 

26 

1-00295 

0-997035 

1*00310 

0-996912 

27 

1-00819 

0-996767 

1-00387 

0-996644 

28 

100347 

0-996489 

1  -00365 

0-996867 

29 

1-00876 

.  0*996202 

100898 

0-996082 

30 

1-00406 

0-996008 

1-00423 

0-995787 

777.] 
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777.  Pbbsburb  of  Aqueous  Vapour  for  kach  Tvnth  of  a 
Dbgrkb  Cbntioradb  from  0*  to  30*  C.  (Regnatdt). 


PPBSl*. 

Preae*. 

Preae*. 

PreM*. 

Frees*. 

Temp. 

tnmm. 

Temp. 

In  mm. 

Temp. 

In  mm. 

Temp. 

In  mm. 

Temp. 

in  mm. 

C. 

of  Mer- 

C. 

ofMer. 

C. 

of  Mer- 

C. 

of  Mer< 

C. 

of  Mer- 

cniy. 

cuTy. 

cury. 

coiy. 

cuiy. 

0-0 

4-6 

8-0 

7-0 

12-0 

10-8 

18-0 

15  4 

34-0 

33*3 

•1 

4-6 

•1 

7-0 

•1 

10-8 

*1 

]5'8 

•1 

33*8 

•3 

4-7 

•2 

71 

•2 

10-6 

*3 

15-6 

•a 

33*8 

•8 

4-7 

•8 

7  1 

•8 

10-7 

•8 

15-7 

•8 

83-6 

•4 

4-7 

•4 

7-2 

•4 

10*7 

*4 

15-7 

•4 

33*7 

•5 

4*8 

•8 

7-2 

•8 

10-8 

•5 

15*8 

•5 

33-9 

•6 

4-8 

•6 

7-8 

•8 

10-9 

*6 

18-9 

-8 

38-0 

•7 

4-8 

•7 

7-8 

•7 

10*9 

•7 

16*0 

*7 

331 

•8 

4-9 

•8 

7*4 

•8 

11-0 

•8 

16*1 

*8 

38*8 

•9 

4-9 

•9 

7-4 

•9 

11-1 

•9 

18*3 

•9 

38'4 

1-0 

4*9 

7-0 

7-8 

18-0 

11*2 

19*0 

16*8 

350 

33*5 

•1 

5-0 

•I 

7-8 

•1 

11 -a 

•1 

16*4 

•1 

38*7 

•3 

5-0 

•2 

7-8 

•2 

11-8 

*3 

16*8 

*3 

38*8 

•8 

5-0 

•8 

7-6 

•8 

11-4 

•8 

16-7 

*8 

34*0 

•4 

«•! 

•4 

7-7 

•4 

11-8 

*4 

16*8 

4 

34*1 

•6 

6-1 

•5 

7-8 

•5 

11-5 

*8 

16-9 

•5 

34*8 

•« 

6-a 

•6 

7'8 

•8 

11*6 

•6 

17*0 

*8 

34*4 

•7 

6-a 

•7 

7-9 

•7 

11-7 

*7 

171 

*7 

34*8 

•8 

«•« 

•8 

7-9 

•8 

11*8 

•8 

17*3 

*8 

34*7 

•9 

6-8 

•9 

8-0 

•9 

11-8 

*9 

17*8 

*9 

34-8 

J-0 

5-8 

8-0 

8-0 

14*0 

11-9 

20*0 

17-4 

260 

35*0 

•1 

6*8 

•1 

8-1 

•1 

12-0 

*1 

17*8 

*1 

35*1 

•a 

5*4 

-a 

81 

•a 

12-1 

•a 

17*6 

*3 

85*8 

•8 

fi-4 

•8 

8*2 

•8 

12*1 

•8 

17*7 

•8 

85*4 

•4 

6-5 

•4 

8a 

•4 

13-a 

-4 

17-8 

•4 

86*6 

•6 

5-5 

•8 

8-8 

•8 

13-8 

*8 

17-9 

*8 

86-7 

•« 

5-8 

•• 

8-8 

-8 

13-4 

•6 

18-0 

*6 

85-9 

•7 

66 

•7 

8-4 

•7 

12-6 

•7 

18*3 

•7 

86-0 

•8 

8*6 

•8 

8-8 

•8 

13-8 

-8 

18-8 

•8 

86-3 

•9 

6-6 

•9 

8-5 

•9 

13-6 

■9 

184 

-9 

86-4 

30 

5-7 

9*0 

8*8 

lft-0 

13-7 

31-0 

18-5 

370 

86-5 

•1 

5-7 

•1 

8*8 

•1 

13-8 

•1 

18*6 

•1 

367 

•a 

6-8 

•a 

8-7 

•a 

13-9 

•a 

18-7 

•3 

86-8 

•8 

8-8 

•8 

8-7 

•8 

13-9 

•8 

18-8 

•8 

37*0 

•4 

8-8 

•4 

8-8 

•4 

18-0 

•4 

19-0 

4 

37*1 

•5 

fi-9 

•8 

8-9 

•5 

181 

•8 

19*1 

-5 

37-8 

•« 

5-9 

•6 

8-9 

•8 

18-3 

•8 

19*3 

•6 

87*6 

•7 

8-0 

•7 

9-0 

•7 

18-8 

•7 

19*8 

•7 

37*6 

•8 

8-0 

•8 

9-0 

•8 

18*4 

•8 

19-4 

*8 

87*8 

•0 

81 

•9 

9-1 

•9 

18-8 

*9 

19*5 

•9 

37*9 

4-0 

81 

10-0 

9-3 

18-0 

18-8 

33*0 

19*7 

28*0 

38*1 

•1 

81 

•1 

9-a 

•1 

18-6 

1 

19*8 

•1 

88*8 

•a 

8-a 

•2 

9-8 

•a 

18-7 

•3 

19-9 

*3 

88*4 

•8 

62 

•8 

9*8 

•8 

18-8 

•8 

30-0 

•a 

88*6 

•4 

8-8 

•4 

9-4 

•4 

18-9 

•4 

301 

•4 

88*8 

•fi 

6-8 

8 

9-8 

•8 

14*0 

•8 

30*8 

•6 

38*9 

•6 

8-4 

•8 

9-5 

•8 

141 

*6 

80*4 

•6 

89*1 

•7 

8-4 

•7 

9-8 

•7 

143 

•7 

30*5 

•7 

39*8 

•8 

8-4 

•8 

9-7 

•8 

14-3 

-8 

20-6 

•8 

89*4 

•9 

8*8 

•9 

9.7 

•9 

14-8 

*9 

20*8 

•9 

89-6 

50 

8*8 

ll'O 

9-8 

17-0 

14*4 

380 

20-9 

39*0 

89*8 

•1 

8-8 

•1 

9-9 

-1 

14-8 

•1 

31-0 

•1 

80-0 

•a 

8*8 

•2 

9-9 

•a 

14*8 

•3 

31-1 

•3 

80*1 

•8 

8-7 

•8 

10-0 

•8 

14*7 

-8 

31*8 

•8 

80-8 

•4 

8-7 

•4 

10-1 

•4 

14*8 

•4 

21-4 

■4 

80*5 

•6 

8-8 

•8 

10-1 

•8 

14-9 

•5 

31*5 

•5 

80*7 

•6 

8*8 

•6 

10-a 

•8 

15*0 

•8 

31-7 

•6 

80*8 

•7 

8-9 

•7 

10-8 

•7 

16-1 

•7 

31-8 

•7 

81-0 

•8 

8-9 

•8 

10-8 

•8 

18*3 

•8 

21-9 

•8 

81*8 

•9 

7-0 

■9 

10*4 

•9 

16*8 

*9 

311 

*9 

81*4 
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77&  FACTOBSFOBOALOITLATIirOTHE 

lines  MTOM 

both  pAget.  ^^  Tolnme  of  a  kMi  meMored  at  any  ordinary  tomperatore  and  proflBiira* 
plying  tho  obserred  Toloroe  by  the  factor.  The  (actor  ia  lound  in 
as  the  atmospheric  pressare  in  mm.  in  the  first  oolomn  of  the 


Pressure. 

7* 

8- 

9- 

10' 

ir 

12* 

13' 

14' 
•9187 

730 

•9866 

•9882 

•9299 

•9266 

•9238 

•9201 

•9169 

731 

•9878 

*9846 

•9311 

•9278 

•9246 

-9214 

•9182 

•9160 

782 

•9891 

•9867 

•9324 

•9291 

•9258 

'9226 

•9194 

'9162 

788 

•9404 

•9870 

•9887 

•9304 

•9271 

•9239 

•9207 

•9175 

784 

•9416 

•9888 

-9360 

•9817 

•9284 

'9262 

•9220 

•9187 

785 

•9429 

'9896 

•9862 

•9829 

9297 

•9264 

•9282 

•9200 

736 

•9442 

•9408 

•9876 

•9342 

•9809 

'9276 

•9244 

•9212 

787 

•9456 

•9421 

•9888 

•9364 

•9821 

'9288 

•9266 

•9225 

738 

•9468 

•9484 

•9401 

•9868 

•9836 

•9802 

•9269 

•9287 

789 

'9481 

'9447 

-9418 

•9881 

-9348 

•9315 
•9327 

•9282 

•9260 

740 

•9498 

•9469 

•9426 

•9898 

•9360 

•9294 

'9262 

741 

•9606 

•9472 

•9439 

•9406 

'9878 

•9340 

•9807 

•9276 

742 

•9619 

9486 

•9462 

•9419 

•9386 

•9362 

■9820 

-9287 

748 

•9682 

-9498 

•9464 

•9431 

'9398 

•9866 

-9882 

•9800 

744 

•9646 

•9611 

•9477 

•9444 

•9411 

•9378 

•9846 

•9812 

746 

•9568 

'9628 

•9490 

•9467 

'9424 

'9390 

•9867 

•9325 

746 

•9670 

•9636 

•9602 

•9469 

•9436 

•9403 

•9870 

•9887 

747 

'9683 

•9649 

•9616 

•9482 

•9449 

•9416 

•9388 

-9850 

748 

'9696 

-9662 

•9628 

•9496 

•9462 

•9428 

•9896 

•9862 

749 

•9609 

•9676 

•9641 

•9607 

•9474 

•9441 
•9468 

'9408 

•9875 

760 

•9622 

•9687 

•9664 

•9620 

•9486 

•9421 

•9887 

761 

•9686 

•9600 

•9566 

•9633 

•9499 

'9466 

•9434 

•9400 

762 

•9647 

•9618 

•9679 

•9645 

•9612 

'9478 

•9446 

•9412 

768 

•9660 

•9626 

•9592 

•0668 

'9524 

•9491 

•9469 

•9425 

764 

•9678 

•9638 

•9604 

•9671 

•9636 

-9603 

•9471 

9437 

778.] 
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VOLUME  OF  A  OAS  AT  0*  C.  AHD  760  HK. 

may  be  converted  into  its  yolame  nnder  normal  conditions  by  mnlti- 
the  vertical  column  nnder  the  observed  temperatnre  and  on  same  level 
table.    Thas  the  factor  for  16*  and  731  mm.  is  0*9086. 


Pressure. 


780 
781 
732 
738 
784 
735 
786 
787 
788 
789 


740 
741 
742 
748 
744 
746 
746 
747 
748 
749 


750 
761 
762 
758 
764 


16" 


•9105 
•9118 
•9180 
•9143 
•9155 
•9168 
•9180 
•9198 
•9206 
•9218 


•9230 
•9243 
•9255 
•9268 
•9280 
•9293 
•9305 
•9318 
•9380 
•9848 


•9364 
•9367 
•9379 
•9392 
•9404 


16' 


•9074 
•9086 
•9099 
•9111 
•9128 
•9186 
•9148 
•9161 
•9172 
'9186 


•9198 
•9211 
•9223 
•9286 
•9248 
•9261 
•9278 
•9285 
•9297 
•9310 


•9322 
•9385 
•9347 
•9360 
•937-2 


17* 


9042 
9056 
9067 
9079 
9092 
9104 
9116 
9129 
•9141 
9158 


9166 
9178 
9191 
9203 
9216 
9228 
9240 
9252 
9265 
9277 


9290 
•9302 
9314 
9327 
9339 


18* 


•9011 
•9028 
•9085 
•9048 
•9060 
•9072 
•9086 
•9098 
•9110 
•9122 


•9136 
•9147 
•9159 
•9172 
•9184 
•9197 
•9209 
•9221 
•9234 
•9246 


•9268 
•9270 
•9288 
•9295 
•9307 


ir 


8980 
8998 
9005 
9017 
9030 
9042 
9054 
9067 
9079 
9091 


9108 
9116 
9128 
9140 
9153 
9165 
9177 
9190 
9202 
9214 


9226 
9239 
9251 
9263 
9276 


20* 


8960 
8962 
8974 
8986 
8999 
9011 
9028 
9035 
9047 
9059 


9071 
9084 
9096 
9108 
9120 
9133 
9146 
9157 
9169 
9182 


9194 
9206 
9218 
9281 
9248 


21* 


8919 
8932 
8944 
8956 
8968 
8980 
8998 
9006 
9017 
9029 


9041 
9054 
9066 
9078 
9090 
9102 
9115 
9127 
9139 
9151 


9164 
9176 
9188 
9200 
9212 


22* 


8887 
8899 
8911 
8928 
8985 
8948 
8960 
8972 
8984 
8996 


9009 
9021 
9038 
9045 
9057 
9070 
9082 
9094 
9106 
9118 


9130 
9143 
9156 
9167 
9179 
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FACTOBS  FOR  CALCUIATING 


[778, 


RMdtiMM 

lines  acroM 

bothpAgML 


FAOTOSS  FOB  OALOULATIHO  THE  VOLUME 


Pkwnm, 

7- 

8- 

9* 

10* 

11* 

12" 

18* 

14* 

765 

•9686 

•9651 

•9617 

•9583 

•9548 

•9516 

•9484 

•9460 

756 

•9699 

•9664 

•9630 

•9596 

•9561 

9528 

•9496 

•9462 

767 

•9712 

•9677 

•9648 

•9609 

•9574 

•9541 

•9609 

•9476 

758 

•9724 

•9690  1  ^9655 

•9621 

•9687 

•9554 

•9622 

•9487 

759 

•9787 

•9702 

•9668 

•9633 

•9600 

•9566 

•9635 

•9600 

760 

•9760 

•9715 

•9681 

•9646 

•9618 

•9679 

•9547 

•9512 

761 

•9768 

•9728 

•9698 

•9659 

•9625 

•9591 

•9660 

•9626 

762 

•9776 

•9741 

•9706 

•9672 

•9688 

•9604 

•9672 

•9637 

768 

•9788 

•9754 

•9719 

•9684 

•9650 

•9617 

•9585 

•9650 

764 

•9801 

•9766 

•9782 

•9697 

•9668 

-9630 

•9698 

•9662 

765 

•9814 

•9779 

•9744 

•9710 

•9676 

•9642 

•9610 

•9675 

766 

•9827 

•9792 

•9757 

•9722 

•9688 

•9655 

•9628 

•9587 

767 

•9840 

•9805 

•9770 

•9735 

•9701 

•9668 

•9636 

•0600 

768 

•9853 

•9817 

•9788 

•9748 

•9714 

•9680 

•9648 

•9612 

769 

'9865 

•9830 

•9795 

•9760 

•9726 

•9693 

•9660 

•9625 

770 

•9878 

•9848 

'9808 

•9778 

•9789 

•9705 

•9678 

•9637 

771 

•3891 

•9856 

•9821 

•9786 

•9752 

•9718 

•9685 

•9650 

772 

•9904 

•9868 

•9884 

•9798 

•9764 

•9781 

•9698 

•9662 

778 

•9917 

•9881 

•9846 

•9811 

•9777 

•9743 

•9710 

•9676 

774 

•9930 

•9894 

•9859 

•9824 

•9790 

•9761 

•9723 

•9687 

775 

•9942 

•9907 

•9872 

•9836 

•9802 

•9768 

•9786 

•9700 

776 

•9955 

•9919 

•9884 

•9849 

•9815 

•9781 

•9748 

•9712 

777 

•9968 

'9932 

•9897 

•9862 

•9828 

•9794 

•9760 

•9726 

778 

•9981 

•9945 

•9910 

•9874 

•9840 

•9806 

•9778 

•9737 

779 

•9994 

•9958 

•9923 

•9887 

•9853 

•9819 

•9785 

•9750 

780 

10007 

•9971 

•9935 

•9899 

•9866 

•9831 

•9798 

•9762 

778,] 


KOBMAL  GAS  VOLUMK. 
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OF  A  OAS  AT  0*  0.  AND  760  MM.  (oontin0kd). 


PreBsmre. 


7^ 
760 
767 
758 
759 


760 
761 
762 
768 
764 
765 
766 
767 
768 
769 
770 
771 
772 
778 
774 
775 
776 
777 
778 
779 
780 


16' 

16* 

17' 

18' 

19* 

20' 

21* 

•9417 

•9885 

•9851 

•9820 

•9288 

•9265 

•9225 

'9429 

•9897 

•9864 

•9882 

•9800 

•9267 

•9237 

•9442 

•9410 

•9876 

•9844 

•9818 

•9280 

•9249 

-9454 

•9422 

•9889 

•9857 

•9825 

•9292 

•9261 

•9467 

•9484 

•9401 

•9869 

•9887 

•9804 

•9273 

•9479 

•9446 

•9414 

•9881 

•9849 

•9816 

•9286 

•9492 

•9459 

•9426 

•9894 

•9362 

•9829 

•9298 

•9504 

•9471 

•9488 

•9406 

•9874 

•9841 

•9810 

•9517 

•9484 

•9461 

•9418 

•9887 

•9858 

•9822 

'9529 

-9496 

•9468 

•9481 

•9899 

•9365 

•9884 

•9542 

•9509 

•9475 

•9448 

•9411 

•9878 

•9847 

•9554 

•9521 

•9488 

•9455 

•9424 

•9890 

•9859 

•9567 

•9588 

•9500 

•9468 

•9436 

•9402 

•9871 

•9579 

•9545 

•9512 

•9480 

•9448 

•9414 

•9888 

-9592 

•9558 

•9525 

•9492 

•9460 

•9427 

•9895 

•9604 

•9671 

•9588 

•9505 

•9472 

•9489 

•9408 

•9617 

•9688 

•9550 

•9617 

•9485 

•9451 

•9420 

•9629 

•9596 

•9562 

•9629 

•^497 

•9468 

•9482 

•9642 

•9608 

•9575 

•9642 

•9609 

•9476 

-9444 

•9654 

•9620 

•9687 

•9554 

•9522 

•9488 

•9456 

•9667 

•9682 

•9600 

•9566 

•9534 

•9500 

•9469 

•9679 

•9644 

•9618 

•9579 

•9646 

•9512 

•9481 

•9692 

•9657 

•9625 

•9691 

•9569 

•9625 

-9498 

•9704 

•9670 

-9688 

•9608 

•9671 

•9637 

•9605 

•9717 

•9682 

•9650 

•9615 

•9682 

•9649 

•9517 

•9729 

•9695 

•9662 

•9628 

•9696 

-9662 

•9530 

22' 


•9191 
•9204 
•9216 
•9228 
•9240 

•9252 
•9264 
•9276 
•9289 
•9801 
•9818 
•9825 
•9387 
•9849 
•9862 
•9874 
•9386 
•9398 
•9410 
-9422 
•9485 
•9447 
•9459 
•9471 
•9483 
•9496 
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ALCOHOL  FROM  SPBCIHO  GRAVITY. 


[779, 


ALCOHOL  TABLE  L 

779*   PiSRCBNTAOB  OF  AbSOLUTB   AlOOHOL,    BT   WeIGHT  AKD 

BY  Volume,  oorrbspondino  to  the  Specific  Gravity 

TAKEN   AT   60'   R,   OR    15' 5    C.      WaTEB=1. 


L  PereentAge  of  Alcohol  by  Volume. 

II.  Peroentaffo  of  Alcohol  hy  Wdght. 

Per 

Specific 

Per 

Specific 

Per 

Specific 

Per 

Specific 

cent 

Gmvity. 

cent. 

Gmrlty. 

cent. 

Gmrlty. 

cent. 

Gnrlty. 

0 

10000 

60 

0-9848 

0 

1-0000 

60 

0*9188 

1 

0*9986 

61 

0-9828 

1 

0-9981 

61 

0-9160 

3 

0-9970 

62 

0-9808 

2 

0-9968 

63 

0-9188 

8 

0-9966 

68 

0-9288 

8 

0-9944 

68 

0-9116 

4 

0-9943 

64 

0-9268 

4 

0-9928 

64 

0-!048 

ft 

0-9938 

66 

0-9242 

6 

0-9912 

66 

0-9073 

6 

0-9915 

66 

6-9221 

6 

0-9896 

66 

0-9049 

7 

0-9903 

67 

0-9200 

7 

0-H880 

67 

0-9037 

8 

0-9690 

68 

0-9178 

8 

0-9866 

58 

0-9004 

9 

0-9878 

69 

0-9166 

9 

0-9863 

59 

0-8981 

10 

0-9866 

60 

0-9184 

10 

0-9889 

60 

0-8968 

11 

0-9864 

61 

o^ns 

11 

0-9636 

61 

0*8986 

12 

0-9848 

62 

0-9090 

12 

0-9818 

63 

0-8911 

IS 

0-9883 

68 

0-9067 

13 

0-9800 

68 

0-8888 

14 

0-9821 

64 

0-9044 

14 

0-9788 

64 

0-8865 

16 

0-9811 

66 

0-9031 

15 

0-9776 

66 

0-8843 

16 

0-9800 

66 

0-8H97 

16 

0-9768 

66 

0  8818 

17 

0-9790 

67 

0-8978 

17 

0-9761 

67 

0-8795 

18 

0  9780 

68 

0  8949 

18 

0-9739 

63 

0-8773 

19 

0-9770 

69 

0-8936 

19 

0-9737 

69 

0-8748 

30 

0-97W 

70 

0-8900 

20 

0-9714 

70 

0-8724 

21 

0-9760 

71 

0-8876 

21 

0-9708 

71 

0-8700 

33 

0-9740 

72 

0-8860 

22 

0-9690 

73 

0-8676 

38 

0-9729 

78 

0-8835 

23 

0-9677 

78 

0-8662 

34 

0-9719 

74 

0-8799 

24 

0-9664 

74 

0-8629 

35 

0-9709 

76 

0-8778 

26 

0-9651 

76 

0-8605 

36 

0-9698 

76 

0-8747 

26 

0-9637 

76 

0-8681 

37 

0-9688 

77 

0-8720 

27 

0-9633 

77 

0*8657 

28 

0-9677 

78 

0-8698 

28 

0-9607 

78 

0-8688 

39 

0-9666 

79 

0-8666 

29 

0-9593 

79 

0-8509 

80 

0-9666 

80 

0-8639 

80 

0-9477 

80 

0-8484 

81 

0-9643 

81 

0-8611 

81 

0-9660 

81 

0*8469 

83 

0-9681 

82 

0-8688 

82 

0-9644 

83 

0-8486 

88 

0-9618 

88 

0-8666 

83 

0  9526 

88 

0-8409 

84 

0-9606 

84 

0-8636 

84 

0*9508 

84 

0-8886 

8ft 

0-9593 

86 

0-8496 

86 

0*9490 

86 

0-8369 

86 

0-9579 

86 

0-8466 

36 

0-9472 

86 

0*8888 

87 

0-9666 

87 

0-8486 

87 

0-9453 

87 

0-8807 

38 

0-9660 

88 

0-8406 

88 

0-9488 

88 

0-8383 

89 

0-9686 

89 

0-8878 

89 

0-9411 

89 

0-8356 

40 

0-9519 

90 

0-8889 

40 

0-0394 

90 

0-8239 

41 

0-9503 

91 

0-8306 

41 

0-9374 

91 

0-8308 

43 

0-9487 

92 

0-8373 

42 

0-9868 

93 

0-8176 

43 

0-9470 

03 

0-8237 

48 

0-9333 

93 

0-8149 

44 

0-9462 

94 

0-8201 

44 

0-9311 

94 

0-8133 

46 

0-9436 

96 

0-8164 

45 

0-9291 

96 

0-8094 

46 

0-9417 

96 

0-8126 

46 

0-9269 

96 

0-8066 

47 

0-9899 

97 

0-8084 

47 

0-9249 

97 

0*8086 

48 

0-9381 

98 

0-8047 

48 

0-9237 

98 

0-8006 

49 

0-9862 

99 

0-7995 

49 

0-9304 

99 

0-7976 

60 

0-9843 

100 

0-7946 

60 

0-9183 

100 

0-7946 
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PROOF-SPIRIT  FROM  SPECIFIC  GRAVITY. 
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ALOOHOL  TABLE  U. 

780.  Pbrckntagk  of  Absoluts  Alcohol  by  Weight,  and 
OF  Proop-spirit  by  Volume,  in  Dilute  Alcx)hol  of 
KNOWN  Specific  Gravity.     Water  =1000. 


Specific  Gravity 

at  60*  F. 

or  16" -6  C. 

Absolute  Alcohol 
percent 
by  Weight 

Proof-spirit 

per  cent 
by  Volume. 

Absolute  Alcohol 

percent 

by  Weight 

Proof-spirit 

percent 
by  Volume. 

Specific  Gravity 

at60'F. 

or  ld'-5  C. 

Absolute  Alcohol 

per  cent 

by  Weight 

Proof-spirit 

percent 
by  Volume. 

996-0 

2-74 

602 

992-8 

402 

8-81 

990-6 

5-89 

11-79 

994-9 

2-79 

613 

992-7 

4-08 

8-94 

990-5 

545 

11-92 

9iH-8 

2-85 

6-26 

992-6 

4-14 

9-07 

990-4 

5-51 

1205 

994-7 

2-91 

6-89 

992-5 

4-20 

9 -A) 

990-8 

5-58 

12-20 

994-6 

2-97 

6-52 

992-4 

427 

9-86 

990-2 

5-64 

12-83 

994-5 

8-02 

6-68 

992-3 

4-83 

9-49 

990*1 

5-70 

12-46 

994-4 
994-3 
994-2 
994  1 
994  0 

3-08 
814 
3-20 
3-26 
3-82 

3-37 

6-76 
6-89 
7-02 
716 
7-29 

7-40 

992-2 
992-1 
992  0 

4-39 
4-45 
4-61 

4-57 
4-64 
4-70 

9-62 
9-75 
9-88 

1001 
1016 
10-29 

990-0 

5-77 

5-83 
5-88 
5-96 
6-02 
6-09 

12-61 

12-74 
12-87 
1802 
18-15 
18-80 

989-9 
989-8 
989-7 
989-6 
989-5 

9919 
991-8 
991-7 

998-9 

993-8 

3-JS 

7-53 

991-6 

4-76 

10-42 

989-4 

615 

18-48 

993-7 

8-49 

7-66 

991-6 

4-82 

10-55 

989-8 

6-22 

13-59 

993-6 

3-55 

7-79 

991-4 

4-88 

10-68 

989-2 

6-29 

13-74 

993-5 

3-61 

7-92 

991-3 

4-94 

10-81 

989-1 

6-85 

13-87 

993-4 
993-3 
993-2 
9931 
993-0 

3-67 
378 
3-78 
3-84 
8*90 

8-96 

8-05 
818 
8-29 
8-42 
8-55 

8-68 

991-2 
9911 
991-0 

5-01 
507 
5-13 

5-20 
5-26 
5-32 

10-96 
11-09 
11-22 

11-38 
11-51 
11-64 

989-0 

6-42 

6-49 
6-55 
6-62 
6-69 
675 

14-02 

14-17 
14-80 
14-45 
14-60 
14-73 

988-9 
988-8 
988-7 
988-6 
988-5 

990-9 
990-8 
990-7 

992-9 

540 


PERCKNTAQE  OF  8ULPHUBIC  ACID 


[781. 


SULPHUBIO  AOID 

781.   PbBOBNTAGH  BY  WlIGHT  OW  H^SO^PBBSBNT  IN  AqUKOUB 

Solution  of  known  Sfeoifio  Gbayitt,  at  15**5  C 

(Lunge  and  Isler.) 


Specific 

Peroentige 

Spedfie 

Percentage 

Specific 

Peroentage 

OraTity. 

of  H1SO4. 

Qravity. 

ofH^O^. 

OraTity. 

ofH|S04. 

1-006 

0*88 

1-200 

27-82 

1-895 

49-69 

1-010 

1-67 

1-206 

27-95 

1-400 

50-11 

1-016 

2-80 

1-210 

28-68 

1-406 

60-68 

1*020 

8-08 

1-216 

29-21 

1-410 

51-16 

1-026 

876 

1-220 

29*84 

1-415 

61-66 

1-080 

4-49 

1-226 

80*48 

1-420 

62-16 

1-086 

6-23 

1-280 

81-11 

1-425 

62-63 

1040 

5-96 

1-285 

81*70 

1-430 

68-11 

1*046 

6-67 

1-240 

32*28 

1-485 

68-69 

1-060 

7-87 

1-245 

82-86 

1-440 

64-07 

1065 

8-07 

1-260 

88-48 

1-445 

64-65 

1-060 

8-77 

1-256 

84-00 

1-450 

66-08 

1-065 

9-47 

1-260 

84-67 

1-465 

66-60 

1070 

10-19 

1-266 

86-14 

1-460 

55-97 

1-075 

10-90 

1-270 

86-71 

1-465 

66-48 

1080 

11-60 

1-276 

86-29 

1-470 

66-90 

1-086 

12-80 

1*280 

86-87 

1-476 

67*87 

1-090 

12-99 

1-286 

37  45 

1-480 

67*83 

1-095 

13-67 

1-290 

88-08 

1*485 

58-28 

1-100 

14-85 

1-296 

88-61 

1*490 

68-74 

1-106 

15-08 

1*800 

89  19 

1*496 

69-22 

1-110 

16-71 

1-806 

89-77 

1-500 

59*70 

1-115 

16-36 

1-810 

40*35 

1-506 

60-18 

1-120 

17  01 

1-815 

40*93 

1-610 

60-66 

1-125 

17-66 

1-820 

41*50 

1-615 

6112 

1-180 

18-81 

1-326 

42-08 

1-520 

61*69 

1-185 

18*96 

1-380 

42-66 

1-626 

62-06 

1-140 

19-61 

1-885 

43-20 

1-680 

62-58 

1146 

20-26 

1*840 

48*74 

1*686 

68*00 

1150 

20-91 

1*846 

44-28 

1-640 

68-48 

1-166 

21-65 

1*860 

44-82 

1-545 

68*85 

1-160 

22-19 

1-866 

46-86 

1-560 

64-26 

1-165 

22*88 

1*860 

46-88 

1-556 

64-67 

1-170 

23-47 

1*865 

46-41 

1-660 

65-08 

1-176 

24-12 

1*870 

46-94 

1-665 

66*49 

1-180 

24*76 

1-376 

47*47 

1-670 

66*90 

1-186 

26-40 

1-880 

48-00 

1-575 

66-80 

1-190 

26-04 

1-385 

48*68 

1*680 

66-71 

1196 

26*68 

1-890 

49  06 

1*686 

6718 
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FROM  SPECmC  GRAVITY  OF  SOLUTION. 
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SULPHUSIO  AOID  (gontinubd). 


Specific 

Percentage 

Specific 

Percentage 

Specific 

Percentage 

Gravity. 

ofH,S04. 

Gravity. 

of  H^04. 

Gravity. 

ofH^O^. 

1-590 

67*59 

1*720 

78*92 

1*825 

91-00 

1-595 

68*05 

1-725 

79*86 

1*826 

91*25 

1-600 

68*51 

1*780 

79*80 

1*827 

91*50 

1-605 

68 -97 

1*785 

80-24 

1*828 

9170 

1-610 

69*48 

1-740 

80*68 

1*829 

91*90 

1*615 

69-89 

1*745 

8112 

1*830 

92-10 

1*620 

70*82 

1*750 

81*56 

1*831 

92«80 

1*625 

7074 

1*755 

82*00 

1-832 

92-52 

1*680 

71*16 

1*760 

82*44 

1*888 

92*75 

1*685 

71*57 

1*765 

82-88 

1-884 

93*05 

1*640 

71*99 

1-770 

83-82 

1-885 

98*48 

1*645 

72*40 

1-775 

88-90 

1-886 

98*80 

1*650 

72-87 

1*780 

84-50 

1*887 

94*20 

1*655 

78-28 

1-785 

85*10 

1-838 

94-60 

1-660 

78*64 

1-790 

85-70 

1-889 

95*00 

1-665 

74*07 

1*795 

86*80 

1-840 

95*60 

1*670 

74-51 

1*800 

86*90 

1*8405 

95*95 

1-675 

74*97 

1*805 

87*60 

1*8410 

97-00 

1*680 

75*42 

1-810 

88*30 

1*8415 

9770 

1-685 

75*86 

1-815 

89*05 

1*8410 

98-20 

1-690 

76*80 

1*820 

90*05 

1*8405 

9870 

1-695 

76*78 

1*821 

90*20 

1*8400 

99-20 

1-700 

77*17 

1*822 

90*40 

1*8895 

99*45 

1*705 

77-60 

1*828 

90*60 

1*8890 

99*70 

1-710 

78*04 

1*824 

90*80 

1*8885 

99*95 

1-715 

78-48 
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HYDROCHLORIC  ACID  GRAVITY. 


[782, 


HYBBOOHLOSIO  AOID. 

782.  Pbrgbntaoh  by  Wbiqht  of  HGl  prbsbnt  in  Aqurous 
Solution  op  known  Spbcifio  Gravity  at  15*-5  C, 

COMPARBD    WITH    WaTBR    AT    4**    C.    AND    RBDUCBD    TO 

Vacuum,  as  Unity. 

(Lunge  and  Marchlewski.) 


Specific 
Gravity. 

Percentage 

of  Hydrochloric 

Acid. 

Specific 
Gravity. 

of  Hydrochloric 
Add. 

I'OOO 

0-16 

1-106 

20-97 

I'OOS 

1-16 

1110 

21-92 

1-010 

2-14 

1-115 

22-86 

1-016 

8-12 

1*120 

28-82 

1-020 

4-18 

1-125 

24-78 

1*025 

6-15 

1-180 

25-76 

1-030 

6*16 

1-185 

26-70 

1-085 

7-15 

1-140 

27-66 

1-040 

8*16 

1-145 

28-61 

1-046 

9-16 

1-150 

29-67 

1-060 

10-17 

1-156 

80 '55 

1-055 

11-18 

1*160 

81-52 

1-OtfO 

12-19 

1-165 

82-49 

1-065 

18-19 

1-170 

88*46 

1-070 

14-17 

1176 

84-42 

1-075 

15-16 

1-180 

86*89 

1-080 

16-16 

1-185 

86-81 

1-086 

17-18 

1190 

87-28 

1-090 

18-11 

1-195 

88-16 

1095 

19*06 

1-200 

89-11 

1-100 

20-01 

783.] 


NITRIC   ACID  GRAVITY. 


543 


NITRIC  AGID. 


783.  PbRCBNTAGB  by  WbIGHT  op  HNO3  PBB8BNT  IN  AqUBOUS 

Solution  op  known  Specific  Gravity  at  15''5  C, 

COMPARBD    with    Wx\TBR    AT    4'    C.    AND    RBDUCBD    TO 

Vacuum,  as  Unity. 

(Lunge  and  Bey.) 


Specific 

Percentage 

Specific 

Percentage 

Specific 

Percentage 

Gravity. 

of  HJSO^. 

Gravity. 

of  UNO, 

Gravity. 

of  HNO3. 

1-000 

0-10 

1-175 

28-68 

1-850 

56-79 

1-005 

1-00 

1-180 

29-88 

1-855 

66-66 

1-010 

1-90 

1-185 

30-13 

1-360 

67-67 

1-015 

2-80 

1-190 

80-88 

1-865 

68-48 

1-020 

8-70 

1-195 

81-62 

1-370 

59-89 

1-025 

4*60 

1-200 

82-36 

1-376 

60-30 

1-030 

6-50 

1-205 

33-09 

1-880 

61*27 

1-085 

6*88 

1-210 

83-82 

1*385 

62*21 

1-040 

7*26 

;      1-215 

84-65 

1'890 

68*28 

1045 

8-13 

;      1-220 

36-28 

1*895 

64-25 

1-050 

8 -99 

'      1-225 

36-03 

1*400 

65*80 

1-055 

9-84 

1-230 

86-78 

1-405 

66-40 

1060 

10-68 

1-285 

87-58 

1-410 

67*50 

1-065 

11-51 

1      1-240 

88-29 

1-416 

68-68 

1-070 

12-83 

1-245 

89-05 

1-420 

69*80 

1-075 

18-15 

1-260 

89-82 

1-425 

70*98 

1-080 

13-96 

1-256 

40-68 

1-480 

72-17 

1-085 

14-74 

1-260 

41-84 

1-486 

78-39 

1-090 

15-38 

1-265 

42*10 

1-440 

74-68 

1-095 

16-32 

1-270 

42-87 

1-445 

75-98 

1100 

17-11 

1-275 

48-64 

1*460 

77*28 

1105 

17*89      1 

1-280 

44-41 

1-465 

78-60 

1-110 

18-67 

1-285 

45-18 

1-460 

79*98 

1-115 

19-45 

1-290 

46-95 

1-465 

81-42 

1-120 

20-28 

1-295 

46-72 

1*470 

82-90 

1125 

2100 

1-300 

47-49 

1*476 

84-45 

1-180 

21-77 

1-805 

48*26 

1-480 

86-05 

1-135 

22*54 

1-310 

49-07 

1-486 

87-70 

1-140 

23-81 

1-315 

49*89 

1-490 

89*60 

1-145 

24*08 

1-320 

60-71 

1-495 

91*60 

1-160 

24-84 

1-325 

61*58 

1-500 

94*09 

1-165 

26-60      1 

1-830 

52-37 

1-606 

96*89 

1-160 

26-86 

1-885 

63*22 

1-510 

98*10 

1-165 

27-12 

1-840 

64-07 

1-515 

99*07 

1-170 

27-88 

1*845 

64-93 

1-620 

99-67 

644 
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POTASSIUM  HTDSATS. 


784-    PiRCINTAOK  BT  WlIGHT  OW  KOH   IN  AqUBOUS  SOLU- 
TION OP  KNOWN  SpBCIFIO  GbAVITT,   AT   15'-5  C. 

(Lunge.) 


Specific 
Grayity. 

1 

Percentage 
ofKOK 

Specific 
OiftTity. 

Peroentaffe 
of  KOH. 

Specific 
Grmyity. 

Percentage 
of  KOH. 

1-007 

0-9 

1-162 

18-6 

1-870 

86-9 

1-014 

1-7 

1-171 

19*6 

1-888 

87-8 

1-022 

2-6 

1-180 

20-5 

1-897 

88-9 

102» 

8-5 

1-190 

21-4 

1-410 

89-9 

1-087 

4-5 

1-200 

22-4 

1*424 

40-9 

1-045 

5-6 

1-210 

28-8 

1-488 

42-1 

1-052 

6-4 

1-220 

24-2 

1-458 

48-4 

1-060 

7-4 

1-281 

25-1 

1-468 

44-6 

1-067 

8-2 

1-241 

26*1 

1-488 

45-8 

1-075 

9-2 

1-252 

27-0 

1-498 

47-1 

1-088 

10-1 

1-268 

28-0 

1-514 

48-8 

1-091 

10-9 

1-274 

28*9 

1-580 

49-4 

1-100 

12-0 

1-285 

29-8 

1-546 

50-6 

1-108 

12-9 

1-297 

80-7 

1-568 

51-9 

1-116 

13-8 

1-808 

41*8 

1-580 

58-2 

1-125 

14-8 

1-820 

82-7 

1-597 

54-5 

1-184 

15-7 

1-882 

88-7 

1-615 

55-9 

1142 

16-5 

1-845 

84-9 

1-684 

57-5 

1-152 

17-6 

1-857 

85-9 

785.] 
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SODmM  HYDRATE. 


785.  Peroentagb  by  Wbight  of  NaOH  in  Aqueous  Solu- 
tion OP  KNOWN  Specific  Gravity,  at  15* '5  C. 

(Lunge.) 


Specific 
Gravity. 

Percentage 
of  NaOH. 

Specific 
Gravity. 

Percentage 
of  NaOH. 

Specific 
Gravity. 

Percentage 
of  NaOH. 

1007 

0-61 

P142 

12-64 

1-820 

28-83 

1-014 

1-20 

1-152 

13-66 

1-832 

29-93 

1-022 

2-00 

1-162 

14-87 

1-346 

31-22 

1-029 

2-71 

1-171 

16-13 

1-367 

32-47 

1-086 

8-85 

1-180 

16-91 

1-370 

33-69 

1045 

4-00 

1-190 

16-77 

1-388 

34-96 

1-062 

4-64 

1-200 

17-67 

1-897 

86-26 

1-060 

6-29 

1-210 

18-68 

1-410 

37-47 

1-067 

5-87 

1-220 

19-68 

1-424 

38-80 

1-076 

6-66 

1-281 

20-59 

1*488 

89-99 

1*088 

7-81 

1-241 

21-42 

1-463 

41-41 

1-091 

8-00 

1-262 

22-64 

1-468 

42-83 

1-100 

8-68 

1-263 

28-67 

1*488 

44-38 

1-108 

9*42 

1-274 

24-81 

1*498 

46-15 

1-116 

10-06 

1-286 

26*80 

1-614 

47*60 

1-126 

10-97 

1-297 

26*88 

1-680 

49-02 

1-184 

11-84 

1-308 

27*80 

2m 
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AMMOinUL 

786.   FraOSNTAGl  BT  WsiOHT    OP    NHg  IN   AqUSOUB   SOLU- 
TION OF  KNOfTN   SpBGIFIC  GbAVITY,   AT   15*-5  C. 

(Lunge  and  Wiemik.) 


Specific 
Onvity. 

Percentage 
ofNH,. 

Specific 
GraTity. 

Percentage 
ofNH,. 

1 

Specific 
Orayity. 

Percentage 

1-000 

0-00 

0-960 

9-91 

0-920 

21*75 

0-908 

0*45 

0-958 

10-47 

0*918 

22*39 

0-996 

0-91 

0-956 

11-08 

0-916 

23*03 

0-994 

1-87 

0-954 

11-60 

0-914 

23-68 

0-992 

1-84 

0*952 

12-17 

0*912 

24-88 

0-990 

2-81 

0-950 

12*74 

0-910 

24*99 

0-988 

2-80 

0-948 

18-81 

0-908 

25-65 

0-986 

8-80 

0-946 

18*88 

0-906 

26-81 

0-984 

8-80 

0-944 

14*46 

0-904 

26*98 

0-982 

4-80 

0-942 

15*04 

0-902 

27*65 

0-980 

4*80 

0-940 

15*68 

0-900 

28*83 

0-978 

6-80 

0-988 

16-22 

0*898 

29*01 

0-976 

6-80 

0-986 

16-82 

0*896 

29-69 

0-974 

6-80 

0-984 

17-42 

0-894 

80-87 

0-972 

6*80 

0*932 

18-08 

0-892 

31-05 

0-970 

7-81 

0*980 

18-64 

0-890 

81-75 

0-968 

7-82 

0-928 

19-25      , 

0-888 

32*50 

0-966 

8-88 

0-926 

19*87      , 

0-886 

33*25 

0*964 

8-84 

0-924 

20-49 

1 

0*884 

84*10 

0*962 

9-85 

0*922 

21-12      ■ 

0*882 

84-95 
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BELATION  OF  DEGBEES  TWADDELL  TO 
BPEGIFIG  GRAVITY. 

*fij.  The  relation  of  degrees  Twaddell  to  the  specific  gravity  of 
a  liquid  is  most  readily  stated  by  assuming  the  specific  gravity  of 
water  to  be  1000  instead  of  unity.    On  this  assumption — 

Degrees  Twaddell =^P""°  g"^^'*y  "  ^^ 

5 

Specific  gravity  s  (Degrees  Twaddell  x  5)  + 1000. 


THEBMOMETEIG  SCALES. 

788.  There  are  two  different  thermometriu  scales  in  use  in  this 
country,  the  Centigrade  and  Fahrenheit ;  the  former  of  these  is  now 
always  used  for  scientific  purposes.  The  two  scales  are  mutu- 
ally convertible  by  the  following  formulte,  in  which  F*  represents  a 
temperature  on  the  Fahrenheit  scale,  and  C°  a  temperature  on  the 
Centigrade  scale : — 

^=5^  +  32 

po^5(r-82) 
9 
The  temperatures  referred  to  in  this  treatise  are  given  on   the 
Centigrade  scale. 


WEIGHTS  AND  MEASUBES. 

789.  The  corresponding  values  of  the  French  and  English  weights 
«nd  measures  are  given  below.  The  use  of  the  French  or  decimal 
-system  is  strongly  recommended  on  account  of  its  extreme  simplicity. 
The  smaller  denominations  are  a  tenth,  hundredth,  thousandth, 
<&&,  of  the  unit  chosen;  they  are  designated  by  the  Latin  prefixes 
deci-,  centi-,  milli-,  &c.  The  higher  denominations  are  10  times,  100 
itimes,  1000,  &c,  times  the  unit,  and  are  named  by  the  Greek  pre« 
£xes  deca-,  hecto-,  kilo-,  &c.  Examples  of  the  use  of  these  prefixes 
nnH  be  found  in  the  Tables  which  follow. 
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ENGLISH  AND  FRKNCH 
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Th6  "anit  of  length"  in  the  French  system  is  the  "metre,"  which 
u  eqoal  to  89-37  inches.  The  "unit  of  Tolnme"  is  the  "litre,"  or 
cubic  decimetre.  The  "unit  of  weight"  is  the  grmm,  which  is  the 
weight  of  one  oabic  centimetre  of  distUled  wster  at  4^  C. 

The  chief  oonveniencei  arising  from  the  nse  of  this  system  are : — 

(1).  That  all  the  different  denominations  can  be  written  as  one ; 
since  they  are  either  multiples  by  ten,  or  are  decimal  fractions,  of  the 
unit.  Thus  6  decagrams,  8  grams,  4  decigrams,  8  milligrams  wonld  be 
written  58 '408  grams. 

(2).  That  since  one  cubic  centimetre  of  water  at  4*  C.  weighs  a 
gram,  the  weight  of  water  in  grams  may  be  obtained  from  its  measure, 
by  simply  oonTerting  the  volume  into  cubic  centimetres.  The  number 
thus  obtained  will  represent  at  once  the  corresponding  weight  of  wster 
in  grams.  This  weight  is  only  strictly  accurate  when  the  water  is 
measured  at  4"*  G.  But  for  ordinary  purposes  the  error  introduced, 
when  the  water  is  at  the  temperature  of  the  air,  is  too  smaU  to  be  of 
any  importance  in  the  preparation  of  solutions.  The  correction  for 
water  at  temperatures  different  from  4**  G.  may  be  obtained  from  par. 

The  Weights  and  Measures  which  are  most  frequently  used  for 
chemical  purposes  are  the  gram,  the  millimetre  (mm.),  the  litre,  and 
the  cubic  centimetre  (cc.),  which  is  one-thousandth  of  a  litre. 


79a  ENGLISH  WEIGHTS  AND  MEASURES. 


AporaioiBiBs  WnOHT. 

lb.       ox.     drms.    scmplet.      grains. 
1b12b90b288      b      6760 
1     B      8    B      24      B        480 
1     =s        8      »  00 

1     -       ao 


Atoibdvpois  WnoHT. 

lb.        OS.       dims.       grains. 

1    -    10    »    266  B    7000 

1     »      10  »      4S7'6 

1  -        27*843 


IXPXRIAL  MXISUBI. 


gsllon. 
1        = 


pints. 

8  m 

1 


1  Ballon 
1  noid  ounce 


.  A  pint 
Inllon 
1  fluid  onnoe 


fluid  OB.        fluid  drms. 
100       a        1280 
20       B  100 

1b  8 

70,000  grains  of  water  at  ir*?  a 
«7-6       ,.  „ 

277*280  cublo  inches. 


u 
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79Z.  FRENCH  WEIGHTS  AND  MEASURES. 


MEARUKBS  OF  LBNOTH. 

BNOUSH. 

metre.      i       inches. 

mile.  farlonK-  yarda.  feet 

inchei. 

MlUfmetre  = 

0*001  » 

0-08887  » 

•                   •                   •                   • 

0-08987 

Centimetre  = 

0-01     r= 

0-80871  ^ 

•                                           B                                           ■                                          ■ 

0*80871 

Decimetre    « 

01     = 

8-a87oe  =- 

«                                          •                                          •                                          • 

8-9871 

Metre 

1*0     = 

89-87079  =s 

8 

8-871  , 

Decametre  » 

10-0     s 

898*70790  » 

10        2 

9-7 

Hectometre  = 

100-0      » 

89871)7900  » 

109         1 

1 

Kilometre    » 

1000-0      = 

89870-79000  = 

4         218        4 

10*2 

Myriometre  s 

10000-0      » 

898707-90000  » 

6          1         166        0 

6 

1  inch      ^0-0254  metrea2'6890  oentimetrea. 

Ifoot       aO*8048    „ 

1  tq.  inchs6'4614  eq.  centtmetns. 


MSASUBBS  07  CAPACITT. 
1  litre  a  1  cabic  decimetre. 


« 

litre. 

eabioindhaa. 

pinta. 

/MniHitre,or               \ 
\  Cnbiooentimetre(e.o.)/  ** 

0-001 

0-06108 

0*00176 

CentiUtre 

■■ 

0*01 

0-61027 

0-01761 

DeoiUtre 

as 

0*1 

6-1027 

0-17608 

litre 

a 

1*0 

61-027 

1-76077 

Decalitre 

a 

lOD 

»      610-27 

17-60778 

HectoUtre 

a 

100*0 

=     6102*7 

176*07784 

KlloUtra 

B 

1000*0 

a  61027-0 

«      1760*77841 

HjTtolitra 

« 

10000-0 

»  610270*0 

1     17607-78414 

1  cubic  inch  =    O-OldSOUtre. 

1  cubic  foot  »  28-81681  Utrea. 

• 

Igal] 

Ion         s    4-6 

*886     „ 

HEASUBES  OF  WEIGHT. 


1  gnunsthe  weight  of  1  cubic  centimetre  (cc.)  of  water  at  4*  C. 


grama. 

graini. 

ATOirdapoia. 

Milligram 

0*001 

ss 

0-01648 

Centigram 

0*01 

BS 

0-16482 

Decigram 

01 

SS 

1-64328 

Oram 

1-0 

SS 

16*48286 

Iba.  01.  drms. 

Decagram 

100 

ss 

164-82849 

a     0     0     6*66 

Hectogram 

»       100-0 

ss 

1648-28488 

»     0     8     8*6 

Kilogram 

=     1000-0 

S3 

15432*84880 

=:      2      8     6 

Mjriogram 

»   10000-0 

= 

164828-48800 

»    22      1     2 

1  grain 

a 

0-0649  gram. 

locrrroy) 

1  lb.  (ATOirdapoL 

»)      = 

81-1086  grams. 
468-608        „ 

550  USEFUL  FACTORS  AND  DATA.  [792, 79S.] 

792.  BATA  FOE  OONVEBSION  OF  WEIGHTS 

AND  MEASUBES. 

Cubic  feet  x  6 '2855= gallons. 
Cubic  inches  x  0*008607= gallons. 
Ounces  x  28 '849= grams. 
Grains  x  0*0648=  grams. 
Grams  x  16 '432= grains. 
Pints  X  667  "936 = cubic  centimetres. 
Gallons  x  4*648= litres. 
Litres  x  0*22= gallons. 

Centimetres  x  0*8937= inches. 
Inches  x  2*64= centimetres. 

Grains^jjgllon^p^^  per  100.000. 
Parts  per  100,000  x  0*7= grains  per  gallon. 


793.  USEFUL  HEMOEAITOA. 

Weight  of  1  C.C.  of  dry  hydrogen  at  0**  0.  and  760  mm.  =0*0000896 

gram. 
Weight  of  1  C.C  of  dry  nitrogen  at  0"*  0.  and  760  mm.  =0*001268 

gram. 
Weight  of  1  C.C  of  dry  air  at  0*  C.  and  760  mm.  =0*0012987  gram. 
1  gram  of  hydrogen  at  0°  0.  and  760  mm.  measures  11*16  litres. 
1  gram  of  air  at  0^  C.  and  760  mm.  measures  0*778  litre. 
Specific  gravity  of  hydrogen,  air  as  unit,  =0*0693. 
Specific  gravity  of  air,  hydrogen  as  unit,  =  14*48. 
Weij^t  of  1  C.C  of  mercury  at  0"  C.  =13*696  grams. 
Coefficient  of  expansion  for  gases =7^3 -0*003666. 
Average  percentage  of  oxygen  in  air,  by  volume,  =20*96. 
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PBBPABATZON  OF  QASES. 

USE  OF  COMPRESSED  QASBS. 

DISTILLATION  OF  WATER. 

LISTS  OF  APPARATUS  AND  CHEMICALS. 


Introductory  Bemarks. — Full  descriptioiiB  will  be  found 
in  Clowes^  Practical  CTiemigiry,  Section  VII.,  of  the  fitting 
and  fumishiDg  of  the  Chemical  Laboratory,  of  the  pre- 
paration of  reagents  and  of  reagent-bottles,  and  of  methods 
of  storage.  Descriptive  lists  of  the  chemicals  and  appara- 
tus required  for  general  laboratory  purposes  and  for  quali- 
tative analysis,  as  well  as  lists  of  chemical  names  with 
aymbolB  and  formula,  are  alao  given. 

In  Part  YII.  of  this  book  a  few  of  these  descriptions  are 
reproduced;  they  are  followed  by  lists  of  the  additional 
apparatus  and  chemicals  which  are  required  for  quantitative 
analysis. 


T^B  Preparation  of  Gases; 

794.  A  Convenient  Form  of  Apparatus  for  furnishing  a 
continuous  stream  of  certain  gases  in  a  diy  condition  is  shown 
in  fig.  115.  It  is  suitable  for  the  preparation  of  a  gas  which 
is  made  by  the  action  of  a  liquid  upon  a  solid  substance  at 
ordinary  temperature. 

Two  bottles  (A,  B)»  with  tubulttres  near  the  bottom^  are; 
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connected  belon  by  means  of  rubber  tubing,  as  ia  shown  in 
section  iu  the  figure.  The  acid-bottle  (A)  contains  the  liquid ; 
it  Ib  i^sed  so  as  to  deliver  its  contents  into  the  generating- 
bottle  (B),  which  contains  the  sohd.  The  gas  which  is 
evolved  in  the  geuerating-bottle  (B)  is  forced  out  by  the 
pressure  of  the  liquid  in  the  aoid-bottle  (A),  and  escapes 
through  strong  sulphuric  acid,  or  other  punfying  liquid, 
which  is  contained  in  the  washing-bottle  (C). 

The  escape  of  the  gas  can  be  regulated  by  adjusting  a 

acrew-clamp  (E).     When  the  clamp  is  closed,  the  pressure 

Fio.  lis. 


produced  by  the  gas  ooUecting  in  the  genemting-bottle  (B) 
forces  back  the  liquid  into  the  acid-bottle  (A),  and  thus  stops 

the  further  generation  of  the  gas.  Theproductionofgasrecom- 
mences  as  soon  as  the  clamp  is  opened,  since  the  liquid  from 
the  acid-bottle  flows  once  more  into  the  gcncrating-bottle  as 
soon  as  the  gas  is  allowed  to  escape,  and  its  pressure  ia  thus 


When  the  apparatus  is  not  in  use,  the  acid-bottle  is  lowered 
in  order  to  remove  unnecessary  pressure :  the  bottle  is  shown 
in  this  position  in  dotted  outline  in  the  figure. 

A  layer  of  roughly  brolceu  glass,  about  an  inoh  in  depth, 
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should  be  placed  upoo  the  bottom  oF  the  generating-bottle 
(B),  so  as  to  prevent  the  solid  from  ramainuig  in  con- 
tact with  acid  at  the  bottom  of  the  bottle  when  the  apparatus 
is  not  in  use.  The  bottles  are  fitted  with  rubber  corks,  and 
these  are  fastened  down  by  wire  to  the  necks  and  tubulure* 
of  the  bottles  in  order  to  preveut  them  fk>m  being  loosened 
or  displaced.  y,^  j,^ 

The  Eipp's  apparatus  (fig.  116) 
may  also  be  iised  for  generating 
gases.  It  is  similar  in  its  action 
to  that  already  described,  but 
the  acid  veseel  is  placed  above 
the  genemtiug  vessel,  and  the 
two  are  connected  together  rigid- 
ly when  they  are  fitted  up  for 

In  preparing  the  following  gasee, 
the  materials  specified  below  should 
be  used: — 

Hydrogen ;  zinc  and  dilute  sul- 
phuric or  hydrochloric  acid. 

Carbon  dioxide;  marble  and  dilute  hydrochloric  acid. 
Hydrogen  mdphide;  ferroua   sulphide  and  dilute  hydro- 
chloric or  sulphuric  acid. 

Hydrogen  chloride;  lumps  of   rock  salt  and  strong  sul- 
phuric acid. 


Ubb  op  Coupbbbsed  Gasbs. 

795.  Most  of  the  gases  which  are  frequently  required  for 
use  in  the  laboratory  can  now  be  purchased  and  stored  in  the 
compressed  or  Lquefied  condition.  They  ar*  usually  sent  out 
in  steel  cylinders  provided  with  a  screw-valve,  and  by  careful 
adjustment  of  this  valve,  a  suitably  regulated  stream  of  gas 
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may  be  obtained.  A  regulator  may  be  interposed  in  order 
to  prevent  the  possibility  of  the  gas  issuing  under  too  great 
a  pressure. 

Oxygen,  hydrogen,  carbon  dioxide,  hydrogen  sulphide, 
chlorine,  coal-gas,  and  other  gases  may  now  be  kept  in  stock 
in  the  compressed  state  in  the  laboratory,  and  ready  for  use 
at  any  moment. 

By  a  special  fitting  applied  to  the  cylinder  of  liquid  carbon  dioxide, 
the  liqaid  may  be  allowed  to  issue  into  the  air  and  fomiah  tho 
solid  carbon  dioxide :  this  substance  may  be  used  either  alone,  or  made 
into  a  paste  with  ether,  as  a  powerful  cooliog  agent  Liquid  air,  which 
can  now  be  produced  in  a  laboratory  apparatus,  serves  as  a  still  more 
powerful  refrigerator. 

Sulphur  dioxide  is  usually  supplied  in  the  liquid  state  in 
strong  glass  bottles  furnished  with  metal  screw-valyes.  On 
opening  the  valve  a  constant  stream  of  the  gas  is  obtuned 
by  the  evaporation  of  the  liquid. 


Thb  Distillation  of  Water. 

796.  The  Process  of  Distillation  of  Water  may  be 

carried  on  in  the  constant  still,  which  has  been  already 
described  in  paragraph  39.  Another  form  of  constant  still 
is  shown  in  fig.  117.  The  apparatus  is  here  represented  in 
section :  it  is  shown  about  one-twentieth  its  working  size, 
with  the  exception  of  the  side-feed  to  the  boiler  which  is 
about  one-tenth  its  real  diameter. 

The  water  in  a  copper  still  (A)  is  heated  by  the  flame  of 
a  Fletcher-burner  or  of  a  large-sized  Bunsen-bumer.  The 
steam  thus  generated  passes  from  the  top  of  the  still  through 
a  spiral  block-tin  tube,  which  is  immersed  in  water  in  the 
copper  condensing-vessel  (6).  From  this  condenser  the  dis- 
tilled water  flows  into  a  large  stoneware  vessel  (G),  which  is 
furnished  with  a  tap  below,  from  which  the  water  is  drawn* 
when  required.  A  long  syphon  tube  (CD)  serves  as  a  gaugjO; 
to  indicate  the  level  ol  the  water  inside  the  jar.. 
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The  lower  part  of  the  condensing-vessel  (B)  is  constantly 
supplied  with  cold  water  from  a  tap  (G)  through  the  long 
funnel-tube.  The  hot  water  overflowing  from  the  condenser 
runs  from  the  tube  (H)  at  the  top  of  the  condenser  into  a 
side-feed  for  supplying  the  boiler.     From  the  side-feed  the 

Fio.  117. 


Scale  Th> 

excess  of  water  flows  down  a  central  tube  through  a  waste- 
pipe  to  the  sink,  as  is  shown  by  the  arrow. 

The  spiral  block-tin  pipe  in  the  condenser  must  be  of  suffi- 
cient diameter  to  prevent  it  from  offering  any  obstruction  to 
the  free  escape  of  the  steam  from  the  boiler.  Every  part  of 
this  tube  must  have  a  downward  slope  in  order  to  prevent 
water  from  collecting  in  it :  and  the  coils  must  be  sup- 
ported by  a  suitable  framework  of  wood  or  metal  in  order 
to  prevent  them  from  sinking  from  their  original  position. 

The  copper  still  should  be  furnished  with  a  bfoad  lid 
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screwing  upon  its  mouth,  for  convenience  in  removing  the 
deposit  which  collects  within.  Into  this  lid  should  be 
fastened  a  brass  tube  carrying  a  screw-union,  by  which  the  tin 
condensing-pipe  may  be  connected  steam-tight  with  the  stilL 

When  the  still  is  working,  the  boiler  is  constantly  supplied 
with  the  hottest  water  from  the  condenser  through  the  side- 
feed  :  and  the  water  in  the  boiler  is  thus  always  maintained 
at  the  level  shown  by  the  dotted  line. 

As  soon  as  the  apparatus  has  been  properly  fitted  up  and 
the  supply  of  water  has  been  duly  adjusted,  it  is  only  neces- 
sary to  light  and  extinguish  the  gas  under  the  still,  when 
the  distillation  is  started  and  stopped,  and  no  attention  is 
required  during  the  process  of  distillation.  The  incrustation 
must  be  occasionally  removed  from  the  interior  of  the  still, 
and  from  the  supply-tube  for  hot  water  from  the  condensing 
vessel,  either  mechanically,  or  by  dissolving  it  in  dilute  hydro- 
chloric acid. 

The  wooden  stand  which  supports  the  still  and  the  storage- 
jar  may  be  fitted  with  shelves  and  doors  so  as  to  serve  as  a 
store-closet. 

A  copper  still,  23  inches  in  circumference  below,  8  inches 
in  height,  and  kept  filled  with  water  to  a  height  of  4  inches, 
yields,  when  heated  by  a  large  Bunsen-bumer,  about  2  litres 
of  distilled  water  per  hour. 

In  laboratories  which  require  a  larger  supply  of  distilled  water  than 
can  be  furnished  by  the  above  apparatus,  a  copper  still  of  several 
gallons  capacity  may  be  set  in  masonry,  and  heated  either  by  a  large 
gas-burner  or  by  a  small  furnace  fed  with  coal  or  coke.  The  hot  water 
from  the  upper  part  of  the  condenser  should  pass  into  a  small  cistern, 
the  overflow-pipe  of  which  is  so  arranged  as  to  maintain  its  water  surface 
level  with  that  required  in  the  still.  The  still  is  supplied  with  hot 
water,  by  connecting  it  with  this  cistern  by  means  of  a  tube  bent 
downwards  in  its  middle,  so  as  to  hinder  the  circulation  of  water 
between  the  still  and  the  cistern. 

797.  Pure  Distilled  Water  free  from  Organic  Hatter. — 
If  the  distilled  water  which  is  used  in  the  Permanganate 
Process  (538)  is  not  known  to  be  free  from  oiganic  matter, 
it  should  be  treated  in  the  following  way. 


7»8,799.]  LIST  OF  APPABATUS.  557 


About  1  gram  of  potassium  hydrate  and  0*2  gram  of 
potassium  permanganate  are  added  to  about  5  litres  of  dis- 
tilled water  in  the  distillation  flask  (532),  or  in  a  large  tin 
can  (fig.  94,  p.  436),  which  is  fitted  with  a  reflux  condenser. 
The  liquid  is  gently  boiled  for  twenty-four  hours,  and  is  then 
distilled  into  Nessler  cylinders  (531)  as  long  as  the  distillate 
gives  any  colour  with  Nessler  solution  (530).  As  soon  as 
the  distillate  is  proved  to  be  free  from  ammonia  and  organic 
matter,  it  is  received  in  a  clean  Winchester-quart  bottle. 


List  of  Apparatus  Requikbd. 

The  following  apparatus  will  be  required  for  Quantitative 
Analysis,  in  addition  to  that  usually  provided  for  Qualitative 
Analysis;  see  dowea*  Qualitative  AncUysis  (1108-II32). 
The  numbers  in  parentheses  refer  to  paragraphs  in  the  pre- 
ceding text. 

798.  Apparatus  for  Each  Student. 

Parts  I.  and  II, — Cfravimetric, 

Weighing-bottle  (16). 

Pair  of  watch-glasses,  2  inches  in  diameter,  with  clip  (16). 

Desiccator  (fig.  26,  p.  88). 

Beakers ;  two  8  oz. ;  two  16  oz. 

Quantitative  filter-papers ;   8^  and    4^   inches   in   diameter. 

Schleicher  and  Schiill's  are  recommended  (58,  57,  68). 
Three  funnels,  with  ground  edges. 
Two  porcelain  crucibles,  1^  and  If  inches  in  diameter. 
Two  porcelain  dishes,  4  inches  in  diameter. 
Two  clock-glasses,  4  inches  in  diameter. 
Piece  of  platinum  wire,  8  inches  in  length. 

799»  Apparatus  for  General  Use. 

Apparatus  marked  with  an  asterisk  will  only  serve  for 
five  or  six  students.  If  it  is  enclosed  in  brackets  it  is  not 
indispensable.  Numbers  in  brackets  refer  to  paragraphs  in 
which  the  apparatus  is  figured,  mentioned,  or  described. 
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Parte  L  and  117 — Oravimetric, 

*A  balance  (1).    No.  10,  of  Becker's,  Rotterdam,  senrea  welL 
*A  box  of  brass  and  alaminiam  weights  (4),  with  several  10  or 
12  milligram  riders  (6). 

Speciftc-grayity  bottle,  60  grams  capacity  (24,  25). 

Sprengel  tube  (26,  27). 

Hydrometers  (28). 

*Two  Centigrade  thermometers,  graduated  on  the  stem ;  one 
from  lO*'  to  100%  the  other  from  0"  to  800% 

Fractionattng-flasks  of  6  os.,  10  oz.,  and  70  os.  capacity  (81,6S2). 
The  largest  lize  most  be  fitted  with  a  ground  glass  stopper. 

Steel  percussion  mortar  (85). 

Porous  tiles  or  plates  (80). 

Iron  mortar,  8  inches  in  diameter. 

Air-oven  (40). 

Air-bath  (50,  d). 

Beakers,  82  oz.  capacity. 

Sieres  of  brass  wire  (35,  142). 

Poroelain  dishes,  8  inches  in  diameter. 

Round  flask,  10  oz.  (255). 

Funnels,  6  inches  in  diameter. 

Large  desiccator  (41). 

Rose's  crucible,  or  substitute  (67).  Goooh's crueibleand  Qone(804). 

Iron  plate  on  feet  (50). 
*Platinum  crucible,  1^  inches  high  and  across,  about  20  gnuna 
in  weight  (65). 

Platinum  capsule,  2  inches  in  diameter,  }  inch  deep  (65). 

Kickel  crucibles,  1}  inches  in  diameter. 

Platinum  dish,  8}  inches  in  diameter. 

Silver  dish,  8^  inches  in  diameter. 

Nickel  dish,  4  inches  in  diameter. 

Geissler-pump  (58). 

Filter-flask  (56). 

Hot-water  funnel  jacket  (80). 

Filters,  10  inches,  cut. 
*U-tube8  of  yarious  shapes  (142,  148,  295). 

Calcium  chloride  tubes,  straight,  4  inches. 

*Liebig'8  or  Geissler's  potash-bulbs  (140,  650). 

50  C.C.  pipettes,  ungraduated  (214). 

Two  10-oz.  conical  flasks. 

[Schrotter's  carbonic  acid  apparatus  (147).] 

Straight  bulb-tube  (154). 

Combustion    tubing,    fire-eighths   of    an   inch    iu    internal 
diameter;  some  1  inch  in  diameter. 

Porcelain  boat,  small  and  large  (158,  455,  646). 
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Parts  III.  and  17. —  Vduine^tnt  and  General. 

'  Measuring-flasks ;  1000,  500,  250,  200,  100  c.c.  capacity  (208). 
'Pipettes ;  50,  25,  20,  10,  and  5  c.c  capacity  (214). 
Pipette,  10  C.C.  graduated  into  tenths  of  a  c.c  (214). 
^Mobr's  barettes,  50  c.c  capacity,  graduated  into  tenths  of  c.c.  ; 

one  with  glass  stop-cock  below  (216). 
^Measuring-cylinders,  graduated  throughout ;  1000,   500,  250, 

and  100  c.c  capacity  (219). 
[Erdmann's  float  (216).} 
[Weight  burette  (242).] 
j^ertz's  carbon  tubes  (457). 
Calorimeter  (478,  479). 
Six    Nessler-cylinders,   6    inches    in    height,    1}    inches    in 

diameter,  about  100  c.c  capacity  (581). 
Microscope,  with  one-sizth  objective. 
Schmidt's  milk-tube  (586). 

Soxhlet's  extractor  (589).    GribVs  condenser  (805). 
Butter-flask  (600). 
[Alcohol  still  for  beer  (605).} 

Erlenmeyer's  combustion-furnace,  26  inches  in  length  (648). 
Copper-gauze  (648). 
Silver  gauze  (648). 
Calcium  chloride  U -tubes  (649). 
Nitrogen  bulbs,  Will  and  Yarrentrap's  (661). 
Nitrogen  measuring  tube  (666). 
Digester  for  sealed  tubes  (670). 
Baoult's  apparatus  (676). 
Thermometer,  which  can  be  read  to  the  hundredth  of  a  degree 

(676). 


Aamying, 


Cupels  (498). 
Cupel-mould  (498). 
Conical  mould  (501). 
Assay-tongs  (499). 


The     Hempel     apparatus     and 

pipettes  (692). 
[The  Winkler  burette  (697).] 
Explosion  pipette  (710). 
The  Lunge  nitrometer  (714). 
[Truman's  apparatus  (719).] 


Gas  muffle-furnace  (499). 
Wind-furnace. 

Crucibles,  wrought-iron  and  clay 
(495,  601). 


Part  V, — Gas  Analysis, 

[TheRussell- West  apparatU8(724).  ] 
Gradaated    gas-tubes,     50,    100, 

200  C.C 
Bottle  for  air-sample  (780). 
The  Meyer  apparatus  (784). 
[The  Dumas  apparatus  (787).] 
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800.  List  of  Chbmigal  Rsagents  Rbqihiued. 

This  list  is  supplementary  to  the  lists  already  given  for 
Qualitative  Analysis  (II59-II72)  in  Clotoe^  Practical 
Chemistry,  The  numbers  in  brackets  refer  to  paragraphs, 
in  which  the  reagents  are  described  or  referred  to. 


Fuming  nitricacid,!  '58p.gr.(105). 
Sodium  peroxide  (104). 
Bromine  (103). 
Lead  nitrite  (121). 
Magnesia-mixture  (182). 
Soda.lime  (142). 
Pumice  (142). 
Hydrofluoric  acid  solution  (pure) 

(172). 
Litmus  (223). 
Cochineal  (225). 
Turmeric  (226). 
Methyl-orange  (227). 
Phenol-phthalein  (228). 
Sodium  (239). 
Steel  pianoforte  wire  (255). 
Ferrous     ammoninm      sulphate 

(81,  c). 
Ammonium  bisulphite  (260,  c). 
Potassium  permanganate,  crystals 

(268). 
Iodine  (83). 

[Potassium  iodate  (275).] 
Starch-solution  (278). 
Sodium  sulphide  (307). 
Glacial  acetic  acid  (308). 
Uranium  nitrate  (808). 
Tricalcium  phosphate  (310). 
Neutral  potassium  oxalate. 
Succinic  acid  (438). 
Ammonium  acetate  (365). 
Ammonium    molybdate   solution 

(448). 
Chromic  anhydride  (454). 
Copper      ammonium       chloride 

(455,  81). 


Bone-ash  (498). 

Sheet  lead,  free  from  siWer  (500). 

Pure  silver  (508). 

Argol,  or  crude  tartar  (495) 

Red  lead  (501). 

Flour  (501). 

Nessler-flolntion  (528). 

Metaphenylene-diamine  (540,  a). 

Silver  nitrite  (540,  c). 

Phenol  (544). 

Emplastrum      plumbi,       (i^.P.) 

(546,  h). 
Soap-solution  (546,  h). 
Oleic  acid  (546,  c). 
Sheet-lead  strips  (555). 
Ether  (585). 
Fehling-solution  (610). 
Chloroform  (618). 
Hide-powder  (621). 
Gallotannic  acid  (622). 
Indigo-carmine,  pure  (622,  h). 
Gelatin  (Nelson's)  (622,  d^. 
Kaolin  (622,  e). 
Absolute  alcohol  (629). 
Petroleum  ether  (683). 
Copper  oxide,  by  oxidation  (647). 
Asbestos. 

Pyrogallic  acid  (698,  l\ 
Cuprous  chloride  solution  (698,  e). 
Fuming  sulphuric  acid  (704). 
Palladium  (707). 
Hydrogen  peroxide,  10  per  cent^ 

solution  (723). 
Resin  cerate  (716). 
Mercury,  free  from  foreign  metals. 
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8oz.  List  of  Substancbs  for  Experiments  and  Analysis. 

NbU, — SubBtanoes  which  are  marked  with  an  asterisk  (*)  must  be 
purified  by  recrystalliaation  (79). 


loeland-spar. 

Sugar-candy. 

Petroleum. 
'Potassium  chlorate. 
*Copper  sulphate. 
*Alum* 

*Niokel  ammonium  sulphAte. 
'Ferrous  ammonium  sulphate. 
*Chrome  alum. 
'Potassium  dichroroate. 
'Barium  chloride. 

Strontium  carbonate  (82). 

Zinc-blende. 
'Sodium  sulphite. 

Sodium  thiosulphate. 

Calcium  carbonate  (82). 
'Ammonium  oxalate. 
'Sodium  chloride  (82). 
'Sodium  bromide. 
'Potassium  iodide. 
'Lead  acetate. 

Bismuth  oxide  (127). 
'Zinc  sulphate. 
'Magnesium  sulphate. 
'Sodium  hydrogen  phosphate. 
'Sodium  arsenate. 
'Potassium  chloride. 
'Oxalic  acid. 
'Cadmium  sulphate. 
'Tartar  emetic  (82). 

Arsenious  oxide  (83). 
'Stannous  ohloride. 
'Cobalt  sulphate. 
'Potassium  nitrate. 
'Borax. 
'Boric  acid. 

Vinegar. 

Bleaching-powder. 

Htematite. 
^Silver  alloy. 


Calamine. 

Malachite. 

Soda-ash. 

Magnesian  lime-stone. 

Spathic  iron  ore* 

Manganese-spar. 

Salt-cake. 

Fumaoe-slag. 

Felspar. 

Galena. 

Glass. 

Copper-pyrites. 

Brass  borings  or  turnings. 

Bronze  ,,  ,, 

German-silver  „  ,, 

Type-metaL 

Clay-ironstone. 

Cast-iron  borings  or  drillings* 

Steel  borings  or  drillings 

Superphosphate. 

Guano. 

Basic  slag. 

Milk. 

Butter. 

Beer. 

Moist-sugar. 

Tea. 

Sumach. 

Soap. 

Cane-sugar  crystals* 

TJrea* 

Acetanilide. 

Chloral  hydrate. 

Ammonium  succinate. 

Strychnine.    Caffeine. 

Sodium  nitrate. 

Ether,  pure. 

Benzene,  pure* 

Argentiferous  galena. 

Gold-quarti* 

2n 
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802.  List  of  Books  of  Rbfbrbnob. 


For  OenenJ  AiuJyiii. 

Fnseniiu'  QnantitatiTe  Analysis. 
Menachntkin's  Analytical  ChemiBtry. 

m 

For  Volmnetric  AnalyslB, 

Satton's  Yolnmetric- Analysis. 

FcNT  6m  Analysis. 

r 

Sutton's  Volametrio  Analysis. 

Bunsen's  Gasometrische  Methode  (or  Eoglish  edition). 
Winkler's  Technische  Gas-analyse  (or  Eoglisli  edition). 
Hempel's  Gas  Analysis. 

For  Special  Analyses. 

Crookes'  Select  Methods  of  Chemical  Analysis. 

Allen's  Commercial  Organic  Analysis. 

Blyth's  Manual  of  Practical  Chemistry. 

Frankland*8  Water  Analysis. 

Wanklyn's  Water  Analysis. 

Hassall's  Food  Analysis. 

Wanklyn's  Milk  Analysis. 

Hehner  and  Angell's  Batter  Analysis. 

Addyman's  Agricultural  Analysis. 

Procter's  Text-Book  on  Tanning. 

Beringer's  Manual  of  Assaying. 

Hiom's  Practical  Metallurgy  and  Assaying. 

Classen's  Application  of  Electrolysis  to  Chemical  Analysis. 

Smith's  Electrochemical  Analysis. 

Blair's  Chemistry  of  Iron. 

Arnold's  Steel- Works  Analysis. 

Lewkowitsch's  Cliemical  Analysis  of  Oils,  Fats,  and  Waxes. 

Alder  Wright's  Soap  Analysis. 
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Limge*8  Snlphnrio  Add  and  Alkali* 

Watts'  Dictionary  of  ChemiBtry. 

Thorpe's  Dictionary  of  Applied  GhemiBtry, 

GroTCB  and  Thorp's  Chemical  Technology. 

Gattermann's  Practical  Methods  of  Organic  Chemistry. 

Hewitt's  Organic  Manipnlation. 

Longe  and  Hnrter's  Alkali-maker's  Handbook. 


The  Joomal  of  the  Chemical  Society. 

The  Joomal  of  the  Society  of  Chemical  Industry. 

The  Chemical  News. 

The  Analyst 

Comey's  Dictionary  of  Chemical  Selnbilities  (Inorganic). 
F.  W.  Clarke's  Recalculation  of  Atomic  Weights,  1897. 
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Dbtbrmination  of  Melting  Point. 

803.  A  full  description  of  a  method  for  determining  the 
melting  point  of  a  BoUd  substance  has  been  given  in  paragraph 
29.  A  convenient  modification  of  this  method  is  described 
below. 

The  substance  is  held  between  two  microscopical  cover- 
glasses.  The  substance  may  be  introduced  in  the  form  of 
powder,  of  minute  crystals,  or  of  thin  slices.  The  moment 
of  fusion  is  readily  seen,  since  the  film  of  substance,  which 
is  more  or  less  opaque  before  it  is  melted,  becomes  suddenly 
transparent  when  it  fuses.  The  large  heating  surface, 
which  is  exposed  relatively  to  the  amount  of  the  substance 
used,  causes  the  indication  to  be  very  sharp. 

The  method  of  procedure  is  as  follows. 
A  thin  square  microscope  "  cover-glass ''  is  cut  into  halves, 
a  small  quantity  of  the  substance  is  placed  between  these 
glasses  and  is  caused  to  assume  a  very  thin  layer  by  gently 
pressing  and  sliding  the  glasses  between  the  fingers. 

The  glasses  are  then  fastened  to  a  platinum  foil  holder  of 
the  shape  shown  in  fig.  118.  The  holder 
may  be  readily  made  by  suitably  folding 
the  foil  and  then  cutting  out  a  square 
piece  with  a  pair  of  scissors.  If  necessary, 
the  holder  and  the  glasses  may  be  more 
firmly  bound  together  by  means  of  thin 
platinum  wire. 

The  whole  is  now  suspended  in  a  wide 

test  tube,  in  contact  with   the  bulb  of  a 

Fio.  118.       thermometer.     The  test  tube  serves  as  an 

air-bath  and  is  inmiersed  nearly  up  to  its 

mouth  in  a  bath  of  sulphuric  acid  or  other  suitable  liquid. 
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The  temperature  of  the  liquid  is  now  gradually  raised  until 
the  film  suddenly  becomea  transpareDt,  and  the  temperature 
is  then  immediately  read  upon  the  thermometer. 

In  order  to  prevent  undue  oonvection  of  air  it  ia  well  to 
insert  a  plug  of  oottoa  wool  in  the  neck  of  the  test  tube. 

The  oover-glasses  may  be  used  any  number  of  times ;  in 
fact,  as  long  as  they  remaia  tmbroken. 

The  method  gives  very  uniform  results  and  is  especially 
suitable  for  the  determination  of  the  melting  poiut  of  waxes 
and  fats.  These  Bubetaucea  need  not  be  previously  melted 
and  cooled  as  is  necessary  when  the  first  method  (ap)  is 
employed. 


A  MoDiPiBD  Mbthod  of  Rapid  FiLTRiTioN. 

804>  The  use  of  a  perforated  crucible  or  cone  is  extremely 
convenient  and  almost  indispensable  in  certain  filtering 
operations. 

The  crucible  (fig.  119)  is  &a  ordinary  platinum  orucible, 
with  a  perforated  bottom  upon 

which  a  platinum  cap  is  fitted.  (      ) 

This  cap  covers  the  bottom  of  *^v 

the    crucible  during  the  pro-  ^^ 

cesses  of  drying  or  igniting  the 
precipitate. 

A  perTorated  porcelain  oiiioiM« 
may  be  purchased  and  med  in  pre- 
ference  to  a  plntiDnm  cnloible  for 
prooipitates  which  attack  plstiuum  ^la   119 

at  a  high  tempentore. 

The  filtration  is  effected  through  an  inner  lining  of 
asbestos-felt  which  is  introduced  into  the  bottom  of  the 
crucible. 

The  crucible  is  prepared  for  use  in  the  following  way. 

A  short  piece  of  broad  rubber  tubing  is  stretched  over 
the  mouth  of  a  funnel  which  has  been  fitted  into  a  filtering 
fiaak  in  the  ordinary  manner  (56).     This  is  shown  in  fig. 
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119.     The  crucible  is  then  insertod  in  the  rubber  rii^ 
formed  by  the  free  end  of  the  tube. 

Some  ailkf,  fine-fibred  aebeetoa   is   then  mixed  up  with 
water  by  rubbing  it  with  a  pestle  in  a  mortar,  and  the 
.    water  containing    the    suspended   as- 
beetos   is   poured   into    the  crucible. 
'  The     filter    pomp     ia     now     started 
slowly.      The   asbestos  will    at    once 
form    a   firm,  compact    layer,   which 
covers  the  perfonted   bottom  of   the 
crucible.    The     felt    is    washed    with 
hydrochloric  aoid  and  then  with  water, 
and  made  aa  dry  as  possible  by  draw- 
Fto  120  '"S   '^''^  through   it  by  means  of  the 

pump.  The  crucible  is  then  removed 
from  the  rubber,  ite  bottom  is  covered  with  the  cap,  and 
its  weight  is  carefully  taken  after  it  has  been  dried  and 
ignited. 

A  precipitate  is  filtered  and  washed  in  this  crucible  in 
the  same  way  as  in  a  filter  and  funnel,  and  it  may  after- 
waids  be  dried  and  ignited  without  being  removed  from  the 
crucible. 

If  the  cone  is  used  instead  of  the  crucible,  it  is  fitted 

into  the  funnel  by  meana 

t  of    a   rubber   band  in    a 

similar    manner    to    the 

crucible  (fig.  1-21).     The 

pressure  of  the  air,  when 

the    pump    is    in    action, 

forces     the      overlapping 

part  of  the  rubber  band 

down,  and  thus  forms  an 

Mr- tight  joint. 

Fio.  121.  The  cone  is  then  filled 

with    asbestos  suspended 

in   water,   and  when  the  pump   is  started   the    asbestos 

forms  a  firm  film,   which  covers  the  perforations  ot  the 

lona 
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The  cone  is  not  intended  to  be  used  for  separating  a 
precipitate  which  is  afterwards  to  be  weighed,  but  it  is 
suited  for  the  rapid  filtration  of  a  gelatinous  precipitate 
which  is  to  be  subsequently  dissolved. 

The  cones  are  made  of  various  sizes/  They  may  be  used 
either  with  an  asbestos  film  or  with  an  ordinary  paper 
filter. 

Condensers. 

805.  Several  modifications  of  Liebig*s  condenser  (fig.  83, 
p.  370)  are  now  in  general  use. 

One  of  these  is  shown  in  fig.  86,  p.  388,  in  which  the  inner 
tube  is  spiral  in  form,  and  affords  a  large  condensing  surface 
in  a  comparatively  small  space. 

Another  form,  known  as  Sohxlet's  condenser,  consists  of 
two  concentric  glass  or  metal  spheres.  The  inner  sphere 
is  supplied  with  a  current  of  cold  water,  and  the  viapour  to 
be  condensed  passes  between  the  inner  and  the  outer  spheres. 
By  this  means  a  large  condensing  surface  is  secured. 

Probably  the  most  compact  and  efficient  form  is  that 
known  as  Cribb's   condenser.      It    is 
shown  in  fig.  122. 

The  condenser  proper  consists  of  two 
concentric  tubes  which  are  fused 
together  at  the  top.  An  interior 
chamber  is  thus  formed  in  which  the 
condensation  is  effected. 

Water  is  conveyed  by  the  tube  (a) 
into  the  interior  of  the  inner  tube,  it 
then  overflows  and  passes  round  the 
exterior  of  the  outer  tube  and  finally 
flows  away  by  the  side  tube  (b). 

The  vapour  passes  into  the  con- 
denser at  the  inlet  (c),  and  the  liquid 
condensed  is  collected  by  means  of  a 
receiver  placed  under  the  tube  (d). 

In  this  condenser  the  condensing  chamber  is  small,  but 
offers  a  very  large  condensing  surface,  and  the  water  is<»iUBed 


Fig.  122. 
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to  flow  over  the  outer  tube  of  the  condenser,  and  is  there 
freely  exposed  to  the  air  and  abstracts  additional  heat 
whilst  it  is  being  vaporised. 


Estimation  of  Niokel  bt  Elbgtro-Dbposition  fbom  its 

Solution. 

806.  Weigh  out  accurately  about  two  grams  of  nickel 
ammonium  sulphate,  Ni(NH^)2(S04)2.6H20,  and  dissolve 
the  salt  in  about  100  c.c.  of  water.  Make  the  liquid  strongly 
alkaline  by  addition  of  ammonium  hydrate  solution,  and 
transfer  it  to  a  platinum  dish.  Then  connect  the  solution 
and  the  dish  respectively  with  the  terminals  of  two  or  three 
Daniell  cells,  or  their  equivalent  (335)1  ^^^  allow  the  current 
to  pass  through  the  solution  for  several  hours. 

As  soon  as  a  drop  of  the  liquid  no  longer  gives  a  brown 
coloration  with  ammonium  sulphide  solution,  the  nickel  is 
completely  deposited  from  the  solution  and  the  operation  is 
complete. 

When  this  is  the  case,  the  dish  is  disconnected,  and  the 
nickel  deposit  is  washed  with  warm  water,  dried  in  the 
steam  oven  and  weighed. 


Estimation  of  Ctanidb  bt  misans  of  Decinormal  Iodine 

Solution. 

807*  When  potassium  cyanide  solution  is  mixed  with  a 
solution  of  iodine  it  removes  the  colour  of  the  iodine, 

KCy  +  l2«KI  +  ICy. 

This  process  may  evidently  serve  as  a  volumetric  means  of 
estimating  cyanide. 

Since  commercial  cyanides  contain  free  alkali,  which  also 
removes  the  colour  of  iodine  solution,  this  alkali  must  be 
converted  into  bicarbonate  by  adding  a  solution  of  carbon 


808.]  NICKEL,  CYANIDE,  TITANIUM.  569 

dioxide  in  water  before  the  titration  with  iodine  solution 
is  carried  out.  A  seltzer  or  soda-water  sjphon  may  be 
conveniently  used  as  a  source  of  carbonic  acid  solution. 

Free  hydrocyanic  acid  must  first  be  rendered  alkaline  by 
the  addition  of  sodium  hydroxide  in  excess,  and  the  excess 
of  alkali  must  then  be  converted  into  bicarbonate  by  carbon 
acid  solution. 

For  practice  in  the  estimation  weigh  out  5  grams  of  com- 
mercial potassium  cyanide:  dissolve  this  in  water  and 
make  up  the  solution  to  500  c.c.  Measure  out  10  c.c.  of 
the  liquid,  dilute  it  with  water  and  add  carbonic  acid  water 
until  the  solution  no  longer  turns  turmeric  paper  brown. 
Then  aUow  decinormal  iodine  solution  to  flow  in  from  a 
burette,  with  constant  stirring  or  mixing,  until  the  solution 
just  acquires  a  permanent  yellow  tint. 


Estimation  of  Titanium  in  Titanifbrous  Iron  Orbs. 

8o8.  When  silica  is  estimated  in  the  usual  way  in  ores 
containing  titanium,  a  portion  of  the  titanium  is  precipitated 
with  the  silica,  and  the  rest  of  the  titanium  remains  in 
solution. 

In  order  to  avoid  this  complication,  a  special  procedure 
should  be  adopted,  the  ore  being  decomposed  by  fusion  with 
potassium  bisulphate  in  the  following  manner. 

Beduce  the  ore  to  as  fine  a  powder  as  possible  in  an  agate 
mortar,  and  weigh  accurately  about  one  gram  of  this  powder 
into  a  large  platinum  crucible.  Add  10  grams  of  pure 
EHSO^,  carefully  cover  the  crucible,  and  heat  it  over  a 
small  flame  until  the  bisulphate  is  melted. 

Take  great  care  to  regulate  the  heat  in  such  a  way  as  to 
prevent  the  melted  bisulphate  from  frothing  over  the  edge 
of  the  crucible.  The  mass  must  be  kept  liquid,  and  slight 
fumes  of  SOg  should  be  given  off.  The  requisite  tempera- 
ture will  be  attained  when  the  bottom  of  the  crucible  is  at  a 
dull  red  heat 

As  soon  as  the  ore  is  completely  decomposed,  remove  the 
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flame,  take  off  the  lid  of  the  crucible  and  incline  the  crndble 
at  an  angle  of  about  45*  so  as  to  cause  the  fused  mass  to 
flow  to  one  side  of  the  crucible,  and  to  nearly  reach  its  edge. 
As  soon  as  the  crucible  is  cold,  place  it  with  the  lid  in  a 
beaker  of  cold  water,  and  pour  in  about  50  c.c.  of  strong 
sulphurous  acid  solution.  Stir  the  pungentlj  smelling 
liquid  from  time  to  time.  Ultimately  allow  the  insoluble 
matter  to  settle,  transfer  it  to  a  filter,  and  wash  it  well  with 
cold  water. 

Bandne. — Dry  the  residue,  ignite  it  in  a  platinum  c^ 
sule,  and  weigh  it.  Then  treat  it  with  HF  and  a  few  drops 
of  H^^  evaporate  to  dryness,  and  ignite  and  weigh  again. 
The  loss  of  weight  arising  from  this  treatment  represents 
the  amount  of  SiOj  (XT^)-  If  ftny  appreciable  residue 
remains  in  the  crucible,  heat  it  with  a  little  fused  Na^COg, 
treat  the  cool  mass  with  H^SO^,  filter  if  necessary,  and  add 
the  clear  solution  to  the  main  filtrate. 

Filtrate. — The  main  filtrate  should  be  colourless,  and 
should  smell  strongly  of  SO,.  Add  to  it  one-sixth  of  its 
volume  of  acetic  acid  of  1*04  specific  gravity,  and  a  clear 
solution  of  20  grams  of  sodium  acetate.  Heat  this  liquid  to 
boiling,  and  keep  it  boiling  for  a  few  minutes. 

Then  allow  the  precipitate  to  settle,  filter  it  off,  and  wash 
it  at  first  with  hot  water  containing  onensizth  its  volume  of 
acetic  acid,  then  with  hot  water  alone.  Dry  and  ignite  the 
precipitate,  and  weigh  the  TiO,  which  is  thus  obtained. 

The  igoitad  precipitate  may  ooutain  traces  of  Fe,0|  and  AI^O,, 
which  were  originally  carried  down  aa  hydrates  with  the  titanic 
hydrate.  In  order  to  remove  these  sabstances,  the  weighed  residae 
may  be  fused  with  Na^OO^  The  mass  thtis  obtained  is  then  boiled 
with  water,  and  the  insoluble  residue  of  impure  sodium  titanate  is 
filtered  off,  wsshed,  and  dried,  and  is  then  fused  again  with  NaaOOc 
The  cold  mass  is  then  dissolved  in  cold  dilute  H3SO4,  snd  the  tiunic 
hydrate  is  precipitated  by  adding  sodium  acetate  and  acetic  acid  as 
is  described  above. 
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The  Dbtbkmination  of  Nickbl  and  Aluminium  in  Stbel. 

809.  The  method  is  based  on  the  fact  that  when  ether  is 
shaken  with  a  solution  of  the  chlorides  of  aluminium,  nickel, 
copper  and  iron  in  dilute  hydrochloric  acid,  it  removes  the 
ferric  chloride  and  leaves  the  other  chlorides  in  the  acid 
solution. 

810.  Betermination  of  Nickel. — Dissolve  2  grams  of  the 
steel  in  dilute  HCl  of  1*1  specific  gravity,  add  sufficient 
HNOg  to  convert  the  iron  into  the  ferric  state,  and  evapo- 
rate the  liquid  to  dryness. 

Redissolve  the  residue  in  HCl  and  evaporate  the  solution 
until  the  FeOlg  begins  to  form  a  skin  upon  the  surface  of 
the  liquid.  Add  diluted  HCl  of  1*1  specific  gravity,  in 
order  to  redissolve  any  basic  salt,  and  transfer  the  liquid 
to  a  stoppered  separating  funnel,  250  c.c.  in  capacity. 
Rinse  out  the  solution  into  the  funnel  with  a  little  of  the 
dilute  hydrochloric  acid,  taking  care  that  the  whole  volume 
of  the  liquid  does  not  exceed  50  c.c. 

Now  pour  40  c.c.  of  ether  into  the  funnel  and  shake  the 
liquids  together  for  about  eight  minutes.  The  ether  will 
remove  the  FeCl,  from  the  solution,  and  will  form  an 
emerald  green  layer  above  the  aqueous  solution.  Let 
the  fimnel  stand  for  a  few  minutes  and  then  allow  the 
acid  aqueous  solution,  containing  the  chlorides  of  Cu,  Ni 
and  Al,  to  flow  into  another  separating  fimnel,  in  which 
40  c.c.  of  ether  have  been  previously  placed. 

Wash  out  the  first  funnel  with  a  little  of  the  dilute  HCl 
and  allow  the  washings  to  flow  into  the  second  funnel. 
Repeat  the  washing  with  fresh  acid,  and  finally  pour  off 
the  green  ethereal  solution  from  the  first  funnel  into  an 
ether-residue  bottle  for  recovery  of  the  ether. 

Shake  the  contents  of  the  second  funnel  for  ten  minutes 
in  order  to  enable  the  ether  to  remove  the  last  trace  of  the 
ferric  chloride  from  the  acid  liquid.  Then  allow  the  acid 
liquid  to  flow  into  an  evaporating  basin,  and  wash  out  the 
last  portions  with  the  dilute  acid  as  before. 
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Evaporate  the  acid  liquid,  which  contains  the  nickel, 
copper  and  aluminium  as  chlorides,  to  a  small  volume  and 
precipitate  the  copper  as  sulphide  by  passing  hydrogen 
sulphide  (794)*  Filter  off  the  copper  sulphide,  add  an  excess 
of  H2SO4  and  evaporate  until  fumes  of  SO3  appear.  Allow 
the  solution  to  cool,  add  a  little  water  and  then  an  excess  of 
AmHO ;  filter,  if  necessary,  and  finally  transfer  the  liquid 
to  a  platinum  dish  and  precipitate  the  metallic  nickel 
electrolytically  (805)> 

The  nickel  may  contain  a  very  email  amoant  of  cobalt,  the  deter- 
mination of  which  may  osoally  be  neglected. 

811.  Betermination  of  Aluxninium. — Proceed  as  in  the 
determination  of  nickel  until  the  acid  liqtdd  remaining  after 
the  treatments  with  ether  has  been  obtained.  Evaporate 
this  to  dryness,  dissolve  the  residue  in  a  little  hydrochloric 
acid.  Nearly  neutralise  the  solution  with  dilute  ammonium 
hydrate  solution,  add  a  little  sodium  hyposulphite  in  order 
to  reduce  any  iron,  and  then  add  2  or  3  c.c.  of  a  saturated 
solution  of  sodium  phosphate.  Finally  add  5  or  6  grams  of 
sodium  acetate  dissolved  in  a  little  water.  Boil  the  solution 
imtil  it  no  longer  smells  of  sulphurous  acid,  and  filter  it. 
Wash,  dry,  ignite,  and  weigh  the  precipitate  of  aluminium 
phosphate,  AlPO^.     (See  Note  below.) 

NoU» — In  order  to  make  certain  that  the  precipitate  is  free  from 
traces  of  iron  and  silica,  it  may  be  rediasolved  in  flCl.  The  solntion 
is  then  evaporated  to  dryness,  redissolved  in  dilate  HCl,  neatrslised  and 
treated  with  a  little  hyposulphite  and  acetate  of  sodium.  The  precipi- 
tate may  now  be  filtered  off,  washed,  ignited  and  weighed.  It  will 
consist  of  pare  AIPO4  containing  22*18  per  cent,  of  alamininm. 


INDEX  TO  PROCESSES  OF  SEPARATION. 

Note, — In  the  separations  enumerated  below,  the  name  of 
the  substance  separated  is  only  entered  once ;  thus  in  the 
separation  of  silver  and  lead,  the  separation  is  only  found 
under  the  heading  silver,  and  not  under  lead. 


solution 

Paragraph. 

Page. 

Alkali  metals  from  other  metals  in 

S58,  S59 

254 

Alkali  metals  from  other  metals  ii 

I  insoluble 

substances 

•                    • 

897 

268 

Ammonium  from  any  other  metal 

•                     • 

138,  584 

116,  381 

Ammonium  from  substances  containing  water 

494 

814 

Antimony  from  arsenic 

•                     • 

422 

278 

„       —copper     . 

•                     ■ 

414,  415 

275 

,,       — lead,  copper,  Bine,  iron 

481,  432 

282 

„       — ^tin 

•                     ■ 

482,  488 

288 

Calcium — magnesium 

•                     • 

856,  357 

258 

Cane-sugar— glucose  . 

• 

612,  618 

895 

Carbon  in  iron,  free— carbon,  combined     . 

453-459 

290 

Chloride 

118 

99 

Copper — all  other  metals 

838 

244 

„     —certain  metals 

885,  886 

240 

,,     —cadmium 

408,  404 

271 

„     — lead  , 

f  412-414 
\         422 

274 

278 

„     — ^lead,  iron     . 

427,  428 

281 

„     — lead — antimony,  tin 

480-488 

282 

„     — lead — arsenic,  antimony 

422 

278 

„     — lead,  zinc 

425-427 

279 

„     — nickel,  zinc  . 

486-488 

285 

„     — silver 

330,  881 

237 

,,     — ^zinc  . 

425,  426 

271^ 

Fat — mineral  matter,  &c 

585-590 

866 

Fatty  acida  in  butter 

599,  600 

877 

„        in  soap     . 

680 

412 

„        — resin     . 

683 

414 

Oases  from  one  another 

700-713 

477 

Gold—silver    . 

600-508 

819 

574 


INDEX  TO  SEPABATIONS. 


Hardness,  temporary— pennanent  . 
Iron — lihioiinimm 


If 
If 

If 
ft 
f  f 
If 

II 


•I 


— oalciam,  magnesiam 


II 

If 


— manganese 

phosphates— oalciam  and 
magnesinm  phosphate 
ferroQs — ferric  . 
— manganese,  zinc 
— nickel 
— nickel,  alnmioium,  copper 

— zinc    . 


Manganese — ^iron 

Phosphate  by  molybdate 

Phosphoms — ^iron 

Potassium — sodium    . 

Sodinm  hydrate— sodium  carbonate 

Silica — ^lead  sulphate 


>i 


—metals 


fixed 


Silioon — ^iron    . 

Silver— ^M>pper,  antimony     . 

„    —lead 

Sulphate 
Sulphur- iron 
Sttlphar^ther  snbstances    . 

r    „        in  coal,  volatile— sulphur 
Tannin — non-tannin  . 
Theine  in  tea  . 
Tin — lead,  copper,  iron^  zinc 
Titanium — siUca,  iron,  &c    . 
Zfnc — nickel    . 

,,  —other  metals    . 

„  — silica,  lead,  copper,  cadmium,  iron, 
manganese    .  .  .  . 


Fangn^ph. 


402-407 


547-551 

851 

854,  866 

252, 

,258 

1358,856 

251, 

268, 

J857 

254 

865,  868 

257, 

259 

484 

811 

269 

205 

865 

257 

487,  438 

285 

809-811 

571 

/  426-428 
\  437, 488 

281 

285 

865,  868 

257, 

,259 

372(6),  447 

260, 

,289 

465,  466 

800 

858,  359 

254 

841 

245 

402 

271 

( 172, 173 

149 

{386 

264 

( 891-398 

265 

468 

299 

418-415 

275 

r  412, 418 
1497-499 

274 

818 

96 

91 

461,  462 

297 

408 

278 

474,  476 

804 

621-623 

401 

618 

898 

480-483 

282 

808 

569 

488 

• 

285 

834 

289 

271 


GENERAL   INDEX. 


PAOK 

ABSOLUTE  volume     .           .           .           .           : 
Absolute  weight 

167 

10 

Accelerated  filtration 

.  64,  666 

Acetanilidei  combustion  of        .           .        '  . 

481,  484 

Adams'  method  for  estimating  milk-fat 

869 

Agreement  of  measuring- vessels '            .       '    . 

167 

Air,  analysis  of  .           .                                   .        ,   . 

'477,  601 

Air-bath  for  evaporation 

47 

Air-bath  for  heating  sealed  tubes 

447 

Air-oven  for  drying           .        .            .            .            . 

861 

Albuminoid  ammonia,  estimation  of     .            . 

884,  862 

Alcohol  in  beer  and  wine,  estimation  of 

886 

Alcohol  tables  from  specific  gravity 

538,  639 

Alcohol,  Use  of,  for  gas  analysis            ... 

476 

Alkali-metals,  estimation  in  limestone 

264 

^         ,,                 ,,          ,,  silicates     . 

268 

»»                 f>          M   soap 

418 

'         ,,            separation  of      . 

266 

Alum,  purification  of     . 

76 

Aluminium,  estimation  of          .            .            . 

89,  262. 

„          separation  from  iron 

.     252,  258,  572 

Ammonia,  albuminoid,  estimation  of,  in  water 

884,  862 

,,        cylinder        .            .            .            .' 

880 

„        distillation  flask 

.881 

,,        gasometric  estimation  of 

479,  490 

„        indirect  estimation  of 

186 

,,        in  water,  estimation  of 

828,  861 

,,        solution,  gravity  of  . 

646 

Ammonium  salts,  estimation  of,  in  water 

828,  361 

,,            „      estimation  of 

.     116,  120,  186 

„          molybdate  solution,  preparation  of 

289 

Analyses,  results  of        . 

618 

Antimony,  gravimetric  estimation  of    . 

187,  283 

,,         separation  of,  from  tin                    .'    . 

288 

„         volumetric  estimation  of 

211 

Apparatus  for  bench,  list  of      . 

557 

„         general  list  of           .            .            . 

• 

667 

576 


mDKX. 


It 


f  I 


>» 


*9 


ft 


>> 


it 


11 


Aqueoiu  rapoar,  presaure  of 

Argand- Wallace  burner 

Arsenate,  estimation  of 

Arsenic^  gravimetric  estimation  of 
„      volnmetrio  estimation  of 

Arsenions  oxide,  porification  of 

Arsenite,  standard  solution  of  • 

Asbestos  filter    . 

Ash,  determination  of  filter 
,,  estimation  of,  in  ooal  or  ooke 

in  milk,  in  bntter 
in  organic  substances 
in  sugar,  in  tea 

Aspirator,  water 

Assay,  dry,  for  lead 

,,     silver     . 

,1     goW 
Atomic  weights,  table  of 
Available  chlorine,  estimation  of 

DALANCE,  accuracy  of 

adjustment  of 
description  of 
sensitiveness  of 
testing  of 
Barium,  estimation  of   . 

„       indirect  estimation  of 
Basic  slag,  analysis  of    . 

„         results  of  analysis 
Beer,  analysis  of 
Benzene  vapour,  density  of 

„  „        estimation  of 

Bessemer  pig,  composition  of 

,,       steel,  composition  of 
Bismuth,  estimation  of 
Black  Jack,  analysis  of 
Blast-furnace  gas,  analysis  of 
Bleachiug-powder,  description  of 

gasometric  estimation  of 
volumetric  estimation  of 
Blende,  analysis  of        .  .  • 

„      results  of  analysis 
Boat  for  combustion 

Boiling-point  of  liquid,  determination  of 
Bone-flour,  results  of  analysis    . 


If 


)i 


I' 


II 


II 
i# 


PAOX 

6S8 

65 

112 

141 

212 

78 

188 

292 

62 

808 

866,  876 

426 

892,  898 

57,128 

815 

818 

319 

528 

188,  219,  497 

8 
6 
1 
7 
6 
98 
188,  206 
814 
528 
886 
512 
478,  484 
522 
522 
107 
270 
526 
187 
497 
188,  200,  219 
270 
520 
808,  420 
27 
523 


htdkx. 


577 


PAOB 

Bone-manare,  analystB  of          ...           . 

814,  528 

Borax,  estimation  of      . 

152 

Boric  acid,  estimation  of           ...           . 

152 

Bottle,  specific  grayity              .           .           .           . 

19 

Brass,  analysis  of           ....            . 

279 

„     results  of  analysis           .           .           .           . 

520 

222 

Bromide,  estimation  of  . 

102 

Bromine  in  organic  sabetanoes,  estimation  of    . 

448,  445 

Bromine  solution,  rolumetric  estinv^tion  of 

219 

Bromine  water  for  gas  analysts 

475 

Bronxe,  analysis  of        ....           . 

282 

'„      results  of  analysis         .           .           .           . 

521 

Brown  hiematite,  analysis  of     . 

287 

Bnnsen  valve     ..... 

193 

Burette,  calibration  of  . 

.     •  166 

,9      description  of  . 

164 

„      use  of  weight  .... 

188 

Burner,  Argand             .... 

65 

Butter,  analysis  of         ....           . 

875 

„      analyses,  results  of       . 

525 

„      fat,  preparation  of        . 

878 

„      flask,  description  of      . 

882 

„      foreign  &ts  in   . 

.        877 

„      rancidity           .... 

885 

rjADMIUM,  estimation  of       .           .           .           . 
Caffeine,  determination  of  molecular  weight 

187,  272 

458 

Caldura  carbonate,  pure,  preparation  of 

77 

Calcium  chloride  tube,  preparation  of   . 

124,  420 

„      estimation  of    . 

97 

„      indirect  estimation  of  . 

188,  206 

„      phosphate,  titration  of            .           .            . 

284 

Calculation,  examples  of  graiimetric     . 

48,  68,  78,  82 

„         of  normal  gas- volume 

460 

„         of  results    .           .           .           .           ' 

81 

„         of  results  of  calibration      . 

166 

„         of  vapour  density  .           .           .           . 

511,  514 

Calibration  of  burettes  .           .           •           .           . 

165 

„           cylinders             .           .           .           . 

.        167 

„           flasks       .           •           .           •           . 

159 

„          gas-tubes,  by  mercary  and  by  water 

462,  466 

„           Hempel-burette  .           •           •           . 

466 

„          Lunge-nitrometer 

466 

Calibration  of  measuring-vessels 

158 

2o 


578 


INDIX. 


II 


It 


II 


II 


•abetaDces 


in 


Calibration  of  pipetten    . 

Calorifio  power  of  fael,  estimation  of 

Calorimeters,  deacription  and  nse  of 

Cane-sngar,  estimation  of 

Capillary  combostion-tnbe,  for  Hempel  apparatus 

Carbon  and  hydrogen  in  organic  subetance,  estimation 

Carbon  dioxide,  estimation  of   . 

in  air,  estimation  of 
preparation  of 
Carbon  in  iron  and  steel,  estimation  of 
Carbon  monoxide,  estimation  of 
Carbonate,  gasometric  estimation  of 
gravimetric  estimation  of 
of  lead,  dry  assay  of 
Carius'  method  for  halogens  in  organic 
Cast-iron  I  analysis  of     . 
Cathetomoter 

Centinormal  solution,  definition  of 
Chemical  reagents,  list  of 
Chemicals  for  analysis,  list  of    . 
Chloral  hydrate,  estimation  of  chlorine 
Chlorate,  gravimetric  estimation  of 
„       volumetric  estimation  of 
Chloride,  gravimetric  estimation  of 
in  water,  estimation  of 
volumetric  estimation  of 
Chlorine  gas,  estimation  of 

in  bleaching-powder,  estimation  of 
in  organic  substance,  estimation  of 
solution,  estimation  of 
Chromate,  gravimetric  estimation  of 
,,        volumetric  estimation  of 
Chromic  anhydride,  preparation  of 
Chromium,  estimation  of 
Clark's  softening  process 

soap-test  for  hardness 
table  of  hardness 
Clay  iron-stone,  analysis  of 
Coij,  analysis  of 

„    results  of  analysis 
Coal-gas,  analysis  of 

„       results  of  analysis 
Cobalt,  estimation  of     . 
Cochineal  solution,  preparation  of 
CoeflBcient  of  expansion  of  gas  . 


II 


II 


i> 


II 


II 


It 


If 


PAGB 

162 

806 

806,809 

892,  897 

480 

of         417,  424 

121,  477,  496 

601 

551 

290 

474,  478,  485 

496 

121 

817 

445 

290 

468 

172 

560 

561 

444,  445 

108 

222 

99 

889,  862 

225 

221,  479,  490 

188,  200,  219,  497 

444,  445 

218 

90 


478, 


222 
291 
90 
864 
849 
858 

256,287 
802 
522 

481,  484 
525 
146 
170 

460,500 


INDIZ. 


579 


429, 


ft 


85,  240,  271, 


228,  280, 


Coke,  analysifl  of  ...  . 

Coko,  estimation  of,  in  coal 
Collection  of  gas  sample 

,,  water-sample 

Combined  carbon  in  iron  and  steel,  estimation  of 
Combustion-fumaoe       .... 
Combustion  of  solid  substances 

„  containing  nitrogen 

volatile  liquids 
volatile  solids 
Compressed  gases,  use  of 
Condensers  • 

Cones  for  filtering 
Conversion  of  thermometric  scales 
Copper,  colorimetrio  estimation  of 
electrolytic  estimation  of 
gravimetric  estimation  of 
in  silver  alloy,  estimation  of 
in  water,  estimation  of 
volumetric  estimation  of 
Copper-ore,  valuation  of  ...  . 

Copper  oxide  for  organic  combustion 
Copper-pyrites,  analysis  of         . 

,,  „       results  of  analysis 

Copper  sulpbate,  purification  of  .  .  . 

Copper-zinc  couple,  for  nitrate 
Coprolites,  analysis  of    . 

,,         results  of  analysis    .... 
Correction  for  meniscus  .... 

,,        of  gas-volume  for  pressure,  temperature,  moisture 
Crucible,  Qooch's  perforated     .... 
Crum  method  of  estimating  nitrate  and  nitrite 
Crystallisation  of  simple  salt     .... 
of  double  salt     .... 
process  of  ...  . 

Cupel,  preparation  of     . 
Cupellation,  process  of  . 

Cnprio  ammonium  chloride  solution,  preparation  of 
Cuprous  chloride  solution,  preparation  of,  for  gas-analysis 
Cyanide,  gravimetric  estimation  of       . 

„       Tolumetric  estimation  of        .  .  . 

Cylinders  for  measuring  .... 


ft 


RECANTATION,  process  of   . 

Decinomial  solution,  definition  of 


PAGE 

802 
302 
475 
324 
294 
418 
417 

434,  487 
428 
427 
558 
567 
67,  666 
547 
356 
240 

285,  301 
288 
356 

242,  248 
240 
420 
277 
520 
75 
344 
314 
528 
464 
460 
565 
342 
74 
76 
74 
318 
818 
76,  292 
474 
104 

228,  568 
166 

61 
172 


580 


INDSZ. 


If 


$f 


If 


t» 


l> 


If 


>t 


Deliraring  liquid 

IMtrcriag  reaMU,  dateriptfon  of 

DiriooitioDy  pPoc6M  of  • 

DatiocfttoTt  deaoripHoD  of 

Dichromate,  aolution  of  potaaainm 

DiffnaioD-tabe  for  otganic  combuatioii  . 

Digaater  for  haatmg  aaaled  tobae 

Dtract  waighiiig 

Diaaolrad  gaaaa,  eatimatioii  and  aaalysu  of 

Diataiation  of  water,  appftratna  for 

Diatilled  water,  free  fnmi  organic  matter 

Dolomite,  analyaia  of     . 

Dolomite,  reaolts  of  analyals 

Doable  salts,  preparation  of 

Dry  aaaay  of  galena, 

gold-quarts 

lead  oxide  and  carbonate  . 

lead  ore,  galena 

lead  for  silver 
Drying  snbatanoea 
Diying  above  steam-heat 

at  ordinary  temperature 
at  steam-heat    . 
precipitates 
Dumas'  process  for  estimation  of  nitrogen 
„       vapour  density  process . 

POOEBTZ'S  estimation  of  carbon  in  steel 

Electrolytic  estimation  of  copper   . 
Electrolytic  estimation  of  nickel 
BngUsh  weights  and  measures  . 
Entry,  example  of         .    48,  68,  78,  82,  407, 

,,      of  weighing 
Equivalent  solutions,  definition  of 
Erdmann's  float  for  burette 
Error  of  meniscus 
Estimations,  gravimetric 
Ether,  vapour  density,  determination  of 
Evaporation  at  steam-heat 

„         above  steam-heat   . 
Example  of  entry  in  Note-book  {See  Entiy,  example  o 
Expansion  of  water,  table  of 

PA^CTORS  for  normal  solutions 

Factors  for  quantitative  analysis,  table  of 


If 


9t 


>l 


425,  481,  505, 


PAOB 

158 

158 

82 

88 

191 

419 

447 

9 

491 

85,554 

556 

249 

518 

75 

815 

819 

817 

815 

818 

82 

86 

88 

88 

59 

487 

512 

294 
240 
568 
548 
511,  515 

12 
172 
164 
464 

84 
509 

44 

46 

582 

180 
529 


INDEX. 


681 


PAOX 

Factors  for  normAl  gaS'Yolmne,  table  of 

534 

„      lueof    . 

88 

Fat  in  batter,  estimatioii  of      • 

376 

Fat  in  milk,  estimation  of        . 

366-378 

„         caleolation  of        .           .           .           . 

373 

Fatty  adds  in  8oap»  estimation  of         .           •           . 

412, 

414 

Fehling-solntioD,  preparation  of           .           .           . 

398 

Felspar,  analysis  of       •           • 

265 

,,       results  of  analysia        .           .           .           . 

519 

Ferric  salts,  grayimetric  estimation  of  . 

88 

„       „     Tolametrio  estimation  of  • 

196, 

205 

Ferrous  ammonium  sulphate,  preparation  of    . 

76 

Ferrous  salts,  estimation  of      . 

88,1196, 

205 

Ferrous  sulphate  solution  for  gas  analysis 

476 

Filter-ash,  determination  of      . 

62 

Filter-ilask 

57 

Filter-pump,  use  of 

54 

Filtration,  process  of 

50 

„         accelerated .. 

'54, 

565 

Flasks  for  measuring     , 

159 

Float,  Srdmann's 

164 

Fluoride,  estimation  of 

151 

Food  analysis     . 

365 

Foreign  fots  in  butter,  detection  and  estimation  of 

877 

Forschammer  oxygen  process  for  water. 

336, 

362 

Frankland's  water-anidysis  method 

324 

Free  alkali  in  soap,  estimation  of         .           .           . 

411, 

414 

Free  carbon  in  iron,  estimation  of 

297 

Free  fat  in  soap,  estimation  of  . 

414 

French  weights  and  measures,  tables  of 

549 

Fnnnel-jaoket  for  boiling  water 

74 

Furnace  gas,  analysis  of            .           .           . 

477 

rt  ALENA,  analysis  of  . 

274 

„        results  of  analyris  . 

520 

„        dry  assay  of 

815 

Garnet,  analysis  of 

265 

Gas,  coetBdent  of  expansion 

460, 

550 

Gas  analysis 

459 

„          by  the  Hempel-apparatus  . 

468, 

477 

„         by  the  Lunge-nitrometer  . 

486 

Geissler  pump  for  filtration 

57 

General  rules  for  working 

78 

Generator  gas,  snalysis  of         .           .            . 

478, 

481 

German  silyer,  analysis 

of 

•                      •                      • 

•            • 

284 

582 


INDIX. 


PAGE 

Oerauui  rilver,  results  of  analysis         ....        521 

Olsss,  analysis  of          .           .            . 

269 

,,     resalto  of  analysis 

619 

Olacoae,  estimation  of  . 

895 

Olyoerine  in  soap,  estimation  of 

414 

Gold,  assay  of    . 

819 

Oooch's  perforated  cmcible 

666 

Graduated  ressels,  description  of 

166 

Graphite,  estimation  of,  in  iron 

298 

Gravimetric  estimations 

84 

Granty,  oriipnal,  in  beer,  estimation  of 

889 

Guano,  analysis  of         ...           . 

814 

i                            „      results  of  analysis 

524 

Guard-tube  for  organic  combustion 

421 

n^MATITE  ORE,  analysis  of 

„             results  of  analysis 

287 

521 

Halogens  in  oiganic  substances,  estimation  of  . 

448 

Hardness  in  water,  estimation  of 

HS,  864 

Hardness,  table  of         ...            . 

868 

HehnePs  estimation  of  hardness 

854 

Hehner's  method,  foreign  fats  in  butter 

381 

Hempel's  gas-apparatus,  applications  of 

477 

„                 „            description  of 

468 

Hide-powder,  estimation  of  tannin  by  . 

401 

Hot-air  batii       ..... 

47 

Hot-air  oren  for  drying 

86 

Hot-plate,  for  evaporation 

46 

Hydrochloric  acid,  normal  solution  of  . 

182 

„            „     solution,  gravity  of 

642 

Hydrogen  chloride  gas,  estimation  of  . 

L79,  490 

,,        peroxide,  gasometric  estimation  of  . 

497 

,,        preparation  of 

551 

,,        sulphide,  gasometric  estimation  of  , 

179,  490 

„              ,,        gravimetric  estimation  of  . 

297 

„              „        preparation  of 

551 

„              ,,        volumetric  estimation  of  . 

214 

Hydrometer,  description  of       . 

24 

Hyposulphite,  gravimetric  estimation  of 

96 

„            standard  solution  of 

210 

„            volumetric  estimation  of 

217 

IGNITION  of  precipitate 

,,                  „          apart  from  filter 

62 

69 

„                  M          in  oxygen  or  hydrog< 

;n 

68 

isamx. 


583 


PAGE 

Ignition  of  precipitate,  vessels  for         . 

62,  566 

„                 „          with  filter 

66,  566 

Incineration  of  filter,  processes  for        . 

69 

Indicators,  description  of          ...            . 

168 

Indigo-carmine,  iu  tannin  estimation    . 

404 

Invert  sugar,  estimation  of        . 

S95 

lodate,  estimation  of     . 

222 

„      standard  solution          .            .            .            . 

209 

Iodide,  estimation  of     . 

102 

Iodine  in  organic  substance,  estimation  of 

44S,  445 

„     purification  of     . 

78 

,t     solution  for  gas  analysis  . 

475 

„     standard  solution,  preparation  of 

208 

Iron,  analysis  of            ,            .            .            . 

296 

„    oolorimetric  estimation  of,  in  water 

858 

„    gravimetric  estimation  of 

.  88,  257 

„    reduction  of,  to  ferrous  state 

197,  198 

„    volumetric  estimation  of  , 

.    196,  205,  444 

Iron-ores,  analysis  of     . 

.    256,  287,  569 

„        results  of  analysis     . 

518,  521 

Iron,  separation  from  aluminium 

.    252,  258,  572 

„    separation  from  manganese 

258 

,,    typical  analyses  of            .            .            . 

522 

Iron,  volumetric  estimation  in  ores 

199 

Iron  solution,  reduction  by  ammonium  bisulphite 

198 

„                       „            stannous  chloride  . 

198 

„                      „            zinc 

197 

1/JELDAHL'S  estimation  of  nitrogen . 

Koett8torfer*s  method  for  foreign  fats  in  butler 

484 

888 

T  AWRENGE  SMITH'S  estimation  of  alkali-metals 
Lead,  action  of,  upon  water 

268 

857 

Load,  carbonate,  dry  assay  of    . 

817 

,,     dry  assay  of,  for  silver 

818 

„     estimation  of,  in  water    . 

857 

,,     estimation  of 

105 

„     indirect  estimation  of 

208 

„     ores,  dry  sssay  of 

815 

,,     oxide,  dry  assay  of 

• 

817 

Limestone,  analysis  of  . 

249 

„          result  of  analysis 

518 

Liquid,  boiling-point  of 

27 

„      measurement  of 

156 

Liquid  organic  substance,  comb 

ustion  0 

f 

427 

584 


INDEL 


PAOX 

Liquid,  tpedlle  gnwitj  of         .                                             .18 

Litmiu-paper,  pnpumtion  of 

• 

170 

Litmiis-tolatioii,  praptratioii  of 

■ 

169 

Logttrithmty  lue  of        . 

• 

88 

Lowenthal's  esttnmtioii  of  tumin 

• 

403 

Lunge  nitrometer,  deeoription  «nd  nee  of 

486,  497 

ir AONISIAK  iimertone,  analjda  of  . 

„                „         retnltiofanalysb 

249 

518 

Hagnesia  mixture,  prepention  of 

112 

Mtgnednm,  estimation  of         .           •           . 

110,  254 

„         phosphate,  titration  of 

294 

„         potaanam  nlphate,  preparation  ol 

76 

Hagnetio  iron-ore,  analjaia  of  . 

287 

22 

0,  247,  248,  497 

„         eetimation  of         .           .           . 

108,  259,  260 

„                „           in  iron  and  steel 

801 

„         ore,  Talnation  of    .           • 

246 

„        ore,  acid  necessary  for  deoompositic 

mof 

248 

„         spar,  analysis  of     • 

260 

Mansfeld  method  for  oopper  estimation 

242 

Manures,  analysts  of     . 

810-815 

Measurement  of  liquids . 

156 

II             gas       ...           . 

457 

Measuring  liquid           .... 

158 

Measuring-cylinders      .... 

166 

„      flasks             .... 

159 

„      tnbes  for  gas,  calibration  of  . 

462 

,,      Tcssels,  agreement  of 

167 

Mechanical  preparation  of  solids 

80 

Melting-point  of  solids,  determination  of 

24,  564 

Memoranda,  usefol        .... 

550 

Meniscus,  error  of         ...           , 

464 

Mercury,  estimation  of  • 

144 

Metaphenylene-diamine,  solution  of 

840 

Methane,  estimation  of . 

481 

Methyl-orange  solution,  preparation  and  use  of 

171 

Meyer's  rapour  density  method 

507 

Mica,  analysis  of           ...            . 

266 

MOk,  analysis  of           ...           . 

865 

9,    analysis,  results  of           .            .           . 

524 

Mineral  phosphate,  analysis  of  . 

814 

Moisture  in  gas,  correction  for  . 

460 

„        removal  of,  from  solids 

82 

Molecular  solution,  definition  of 

172 

INDBX. 


585 


If 
If 
11 
ff 


»> 


it 


If 


If 


If 


II 
It 


Molecular  WBight  of  an  organic  add,  detennination  of . 

of  an  ofganic  base,       „ 

Dnmaa'  method 

Meyei's  method 

Raonlf  ■  method 
Molybdate  eolntion,  preparation  of 
Mortar,  steel  percaeeion 

'M'AEAMURA'S  estimation  of  anlphnr  in  coal 

KeeBler-aolation,  preparation  of  . 
Kickely  estimation  of     . 
Nitrate,  as  ammonia  by  copper-zinc  oonple 
oolorimetrically  as  picrate 
gasometric  estimation  of 
„      graTimetric  estimation  of 
Nitric  add  for  gas  analysis 
Nitric  acid,  table  of  grsTity 
Nitric  oxide,  estimation  of 
Nitrite  in  water,  estimation  of  . 
Nitrogen,  as  nitrate  in  water,  estimation  of 

as  nitrite  and  nitrate  in  water,  estimation  of 
estimation  of  • 

in  an  organic  substance,  determination  of 
in  snperphoephate 
Nitrogen  oxides  in  nitrons  vitriol 
,,      peroxide,  estimation  of 
Nitrometer,  description  and  nse  of 
Nitrons  oxide,  estimation  of     . 
„      vitriol,  examination  of 
Normal  hydrochloric  add,  preparation  of 
sodinm  carbonate  solntion 
sodium  hydrate         „ 
solution,  definition  of  . 
sulphuric  add,  preparation  of  . 
volume  of  gases,  calculation  of 

factors  for  calculation  of 

/43,    68, 
1425,484, 


If 


If 


If 


II 


ft 


If 


Note-book,  entry  in 


QLEFINES,  estimation  of 

Orange  III  solution,  preparation  of 
Organic  analysis  .  • 

,,      combustion,  process  of. 

„      matter  in  water,  estimation  of 
Original  gravity  of  beer,  determination  of 


PAGE 

461 
462 
512 
505 
458 
289 
81 

804 

829 

87,  568,  571 

844 

346 

842,  490 

147 

476 

548 

479 

840,  868 

846 

841-848 

477,  481 

429-442 

818 

487 

479 

486 

479 

487 

182 

178 

181 

172 

177 

459-464 

584 

78,  82,  407, 

605,  511,  515 

478 
171 
416 
417 
827,  336 
889 


586 


IHDBX. 


Oreii,  hot  air,  for  diying 

,,     steam  for  drying 
OzaUto,  gaaometric  eatimatioii  of 
graTimetric  estiiiiation  of 
volametric  estimation  of 
Oxide  of  lead,  dry  asny  of 
Oxygen,  estimation  of  . 

„  percentage  in  air 

prooess,  for  organic  matter  in  water 


*• 


tt 


99 


f> 


ft 


11 


II 


I) 


DALLADINISED  asbestos,  preparation  of 

Palladinm  tube       • 
Parting  for  gold,  in  dry  assay    . 
Percnssion  mortar 

Permanent  hardness  in  water,  estimation  of  352, 

PennaDganate  process  for  tannin 
,,  „      for  water 

Permanganaten,  estimation  of   . 
Pemyian  guano,  analysis  of 

,,  ,,      results  of  analysis 

Pettenkofer's  estimation  of  carbon  dioxide  in  air 
Phenol>phthaIein,  ase  of 
Phosphate,  estimation  of,  in  iron-ore    . 

gravimetric  estimation  of,  as  pyrophosphate 

,,  ,,  as  phosphomolybdate 

mineral,  analysis  of 
volametiic  estimation  of     . 
Pliosphorus,  estimation  of,  in  iron  and  steel 

,,  in  organic  substances,  estimation  of 

Picrate  method  for  nitrate 
Pipettes,  calibration  of  . 

,,        description  and  use  of 
„        Hempel  .... 

Platinum  cone  for  filter 

Poisonous  metals  in  water,  detection  and  estimation  of 
Potash-bulbs  for  organic  combustion     . 
solution  for  gas  analysis 
„      gravity  of 
Potassium  dichromate  solution,  standard 

„  ,,        titration  of 

estimation  of  • 

hydrate  solution  for  gas  analysis 

„       gravity  of  . 
iodate,  standard  solution 
nitrate,  estimation  of 


If 


II 


II 
II 
11 
}i 
II 


ti 


PAGK 
87 

.    34,85 
99,  181 

2oe 

81$ 

477,  485 

650 

886,  862 

47S> 
480 

820 
81 

855,  864 
403 

886,  862 

204,  497 
814 
524 
501 
171 
250 

111,  112 
800 
814 

288-28& 
299 
450 
84(1 
162 
161 
460 
57,  566 
850 
421 
474 
544 
192 
192-190 

114,  116 
474 
544 
209> 
490 


INDKX. 


587 


PotaasiuiDt  permanganate,  estimation  of 

,,  solution,  standard 

„  „       for  gas  analysis 

separation  from  sodium 
Powdering  solid,  process  of 
Precipitates,  drying  of  . 
filtration  of 
ignition  of 

,,  with  filter 

,,  apart  from  filter 

washing  of 
Precipitation,  process  of 
Preparation  of  double  salts 
gases 

pure  chemicals  by  ])recipitation 
,,  by  sublimation 

pure  salts  by  crystallisation 
solids  for  analysis 
Pressure  on  gas,  correction  for  . 
Process  of  combustion    . 
Proof  spirit,  from  specific  gravity 
Pure  chemicals,  by  crystallisation 

by  precipitation 
by  sublimation 
Pyrites,  analysis  of        . 

„       results  of  analysis 
Pyrogallate  solution  for  gas  analysis 


i> 
ft 


I* 

II 
II 


«l 
II 


II 


11 


I)  ANCIDITY  in  butter,  estimation  of 

Raoult's  method  for  molecular  weiglits 
Beading  volume  of  liquid 
Reagents  for  gas  analysis 
Reagents,  list  of  .  .  . 

Recrystallisation  for  pure  salts  . 
Reference  books  for  food  analysis,  kc   . 

gas  analysis 
general  list  of  . 
Reichert*s  method  for  foreign  fats  in  butter 
Remarks  on  results  of  water  analysis    . 
Results  of  typical  analyses 
Resin  in  soap,  estimation  of 
Rider,  use  of      . 
Rose's  crucible,  description  of   . 
Rules  for  working 
Russell  and  West's  urea  apparatus! 


*i 


II 


>i 


II 


62 


PAGS 

204,  497 
202 
476 
255 
81 
59 
50,566 
-72,  566 
66 
69-72 
50,  566 
48 
75 
551 
77 
78 
74 
80 
459 
417 
589 
74 
77 
78 
277 
520 
474 

885 
458 

158 

474 

560 

74 

866 

458 

562 

877 

860 

518 

414 

6 

63 

78 

497 


588 


nn>t3L 


PAOS 

Q  ALT-OAKE,  uudytit  of        ...           . 
M            raraltiof  ADalyiis 

S61 

519 

Sample  for  g»a  analysui,  ooUeotion  of    . 

475 

Sample  for  water  analysis,  collection  of 

S24 

Sampling  of  solid  for  analyiis   .           .           .           . 

80 

Sand-bath          ...... 

4« 

SchrvJtter's  apparatos  for  carbon  dioxide 

128 

Semi-molccal«r  solution,  definition  of  . 

172 

8emi>normal  solution,  definition  of       . 

172 

Separations  of  solids  and  of  gases,  table  of 

584 

Silica,  estimation  of      . 

149 

Silicate,  decomposable  by  acids 

149,  285 

„      estimation  of    .           .           .           .           . 

149 

,,      insoluble,  estimation  of 

178,  285,  289 

Silicon,  estimation  of,  in  iron   . 

299 

Silver  alloy,  analysis  of.           ...           . 

287 

Silver,  dry  assay  of,  in  lead       .           .           .           . 

SIS 

„    estimation  of,  in  alloy 

287 

„            „             in  galena  . 

275 

„    gravimetric  estimation  of 

104 

„    volumetric  estimstion  of  . 

225 

Soap,  complete  analysis  of        .           .            . 

414 

„    partial  analysis  of            .            .           . 

409 

„    results  of  analysis  of        .           .            .           . 

525 

„    solution,  preparation  of   . 

850,  851,  409 

Soda  solution,  gravity  of          ...           . 

545 

Soda-ash,  valuation  of  . 

244 

Soda-lime  combustion  for  halogens 

448 

„                „              nitrogen 

480 

„        tubes,  preparation  of,  for  absorption 

124 

Sodium  carbonate,  estimation  of           .           .           . 

245 

„            ,,             „            in  water 

355 

„            ,,         normal  solution  of  . 

175 

,,       estimation  of    .... 

118 

,,       chloride,  pure,  preparation  of . 

77 

„       hydrate,  estimation  of . 

245 

,,           „        normal  solution  of 

181 

„          „        solution,  gravity  of    . 

545 

„       nitrate,  estimation  of  . 

490 

„       peroxide,  use  of 

95 

„       separation  from  potassium 

255 

210 

Softening  hard  water,  Clark's  method  . 

884 

Solids,  melting-point,  determination  of 

.  24,  584 

„     not  fat  in  milk  .... 

878 

INDEX. 


589 


PAOB 

Solids,  powdering  of      . 

81 

„     aolubility,  determiDation  of      . 

41 

„     solution  of         ....            . 

.   89,85 

„     specific  grayity,  determination  of 

.    16-24 

Solubility  of  solids,  determination  of    . 

41 

Solution  of  solids,  process  of     . 

,    89,85 

Soxhlet-extractor,  description  of           ...           . 

870 

Spathic  iron-ore,  analysis  of     • 

25» 

„        ,,     „    results  of  analysis       .            .            .           . 

518 

Specific  gravity  ....... 

14 

Specific  gravi^  bottle    ...... 

1» 

Specific  gravity  of  air    . 

550 

„          „           heavy  solids,  determination  of 

15 

M          »,           hydrogen      .           .           .           .           , 

550 

„          ,,           light  solids,  determination  of 

16 

„          ,,            liquids,                »f            ,»                *            . 

18 

„          „           powders,             mi, 

17 

„          „           soluble  solids,     „           „ 

17 

Spirits,  estimation  of  alcohol  in            .           .           .           . 

886 

Spirit-indication,  table  of,  for  beer        .           .            .           . 

890 

Sprengel  specific  gravity  tube    .           .            .            .           . 

21,28 

Standard  solutions,  correction  by  factors 

180 

„           „         description  of         ...           . 

172 

„           „         storage  and  preservation  of 

178 

Stannous  chloride,  volumetric  estimation  of     . 

218 

Starch  solution,  preparation  of  . 

210 

Stead's  estimation  of  combined  carbon  in  iron  . 

296 

Steam-bath  for  evaporation        .... 

.    44,  45 

Steam-oven,  simple        ..... 

88 

Steam-ovens  and  water-still  combined  .            .           .           , 

85 

Steel,  analysis  of           ....            . 

290,571 

„    composition  of     ...... 

522 

„    mortar      ...... 

81 

Still  for  distiUing  water 

.  85,  554 

„      estimating  alcohol  in  beer 

887,  888 

Storage  of  standard  solutions    . 

178 

Strontium,  gravimetric  estimation  of    . 

98 

„         indirect  estimation  of         .           .           . 

188,  206 

Strychnine,  determination  of  molecular  weight 

46a 

Sublimation  of  arsenic  ...... 

78 

„           iodine     ..... 

78 

Substances  for  analysis,  list  of  . 

561 

Succinic  acid,  determination  of  molecular  weight 

462 

Sugar,  analysis  of          ....            . 

892 

,,     combustion  of    . 

424 

590 


IKDXX. 


Sugar,  estimation  of      . 

Sulphate,  estimation  of . 

Sulphate,  insoluble,  estimation  of 

Sulphide,  estimation  of 

Sulphite,  estimation  of  . 

Sulphur  dioxide,  estimation  of  • 

Sulphur  in  ooal,  estimation  of  . 
in  coal-ash,  estimation  of 
in  iron  and  steel,  estimation  of 
in  organic  substances,  estimation  of 
in  sulphides,  estimation  of 
volatile  in  coke,  estimation  of 

Sulphuretted  hydrogen,  preparation  of . 
„  „  estimation  of  . 

Sulphuric  acid  for  gas  analysis  . 
,,  „    solution  of 

„  „    table  of  gravity  • 

Sulphurous  acid,  estimation  of  . 

Superphosphate,  analysis  of 

„  results  of  analysis 

Suspended  matter  in  water        .  .« 


99 

II 
II 
It 
ft 


'pANNIN,  estimation  of 

Tanning  materials,  extraction  of    . 
,,  „        valuation  of 

Tartar  emetic,  purification  of    . 

Tea,  analysis  of . 

Temperature  of  gas,  correction  for 

Temporary  hardness  in  water,  estimation  of 

Tension  of  aqueous  vapour,  table  of 

Theine  in  tea,  estimation  of 

Thermometric  scales,  conversion  of 

Thiocyanate  method  for  copper 

Thiosulphate,  gravimetric  estimation  of 

„  preparation  of  standard  solution 

„  volumetric  estimation  of 

Thomas'  slag,  analj'sis  of 

„        ,,      results  of  analysis 

Thompson's  calorimeter 

Thomson's  calorimeter  . 

Thorpe's  alcohol  still      • 

Tin,  gravimetric  estimation  of 
„    volumetric  estimation  of 

Titanium,  estimation  of 

Tobacco-pipe  for  crucible  oover 


214, 


401, 


PAGE 

892-897 
91 
92 
94 
96 
216,  479 
304 
805 
297 
449 
94 
805 
551 
297,  479 
475 
177 
540 
216 
810 
522 
826 

408-407 
400 
899 

77 
898 
460 
852,  854 
588 
898 
547 
244 

96 
210 
217 
814 
523 
806 
809 
888 
142 
213 
569 

64 


INDBX. 


591 


Total  acid  in  yinegar,  estiuiation  of 
,9    carbon  in  iron  and  steel,  estimation  of 

Total  hardness  in  water,  estimation  of  . 
,,    solids  in  water,  estimation  of 

Total  solids  in  milk,  estimation  of 

„    sulphur  in  coal  or  coke,  estimation  of 

Tropeeolin-D  solution,  use  of 

Truman  apparatus,  for  dissolved  gases 

Turmeric-paper,  preparation  and  ose  of 

Twaddell  degrees 

Type-metal,  analysis  of 

results  of  analysis  . 


f> 


TTLLGREN'S  method  for  carbon  in  iron 

Uranium  method  of  estimating  phosphate 
Urea,  combustion  of 

„    gasometric  estimation  of  . 
U-tnbe,  filling  of 

VALUE  of  acetic  acid  in  beer,  table 

Vapour,  aqueous,  pressure  of 
Vapour  density,  estimation  of   . 
Victor  Meyer's  vapour-density  method 
Vinegar,  estimation  of  acid  in   . 
Volatile  matter  in  coal,  estimation  of 

organic  substance,  combustion  of 
sulphur  in  coke,  estimation  of 
Volume,  absolute 

,,       relation  of  weight  to    . 
Volumetric  analysis,  advantages  of 
,,         example  of 
. ,         introductory 
estimation  of  gases 


ft 


}i 


>» 


ff 


WALLACE  burner,  description  of 
Washing  precipitates,  process  of 
Water,  its  action  upon  lead 
Water,  analysis  of 

„      interpretation  of  results 
aspirator,  use  of 
bath,  for  evaporation     . 
estimation  of 
expansion  of,  table 
free  from  ammonia,  preparation  of 
„       organio  matter 


II 
II 

ft 
11 
I* 


■I 


PAGB 
182 

290-294 
851,  356 
828,  860 
366 
304 
171 
498 
171 
547 
282 
521 

290 

238,  235 

430,  484,  487 

495,  497 

124 

391 
533 
607 
507 
182 
802 
427 
305 
167 
167 
158 
164 
153,  457 
457 

64 

50 

357 

328 

360 

66,  128 

44 

132 

682 

830 

566 


592 


INDBX. 


PAOB 

Wftter,  oven,  for  diying  solids  .....          83 

„     imliminary  exAmiiuition  of 

824 

„     results  of  analysis 

524 

,9     sample,  coUection  of      . 

a 

824 

Water  Tapoor,  pressure  of,  table 

688 

« 

Weighing  by  sobstitation 

» 

„        direct            .... 

» 

,,       entry  of        . 

12 

„        methods  of    . 

» 

,t       rales  for        .... 

10-18 

„        vessels  for     . 

12 

Weight,  absolute           .... 

10 

,,      of  cubic  centimetre  of  air 

860 

,1          fi               f>            hydn^gen 

660 

„         „              „             mercury 

650 

Weight-burette,  use  of  . 

18S 

„     relation  to  volume.  In  liquids  . 

167 

Weights  and  measures,  tables  of 

547 

,y      arrangement  of 

6 

„      atomic,  table  of          .           .           . 

52S 

„      description  of . 

4 

„      testing  of        ...            , 

8 

Werner-Schmidt's  method  for  milk-fat 

867 

Wine,  estimation  of  aloohol  in  . 

886 

Winkler  burette,  description  of 

478 

„           „       use  of 

478 

Working,  rules  for        . 

78 

Wrouglit-iron,  analysis  of 

290 

„         composition  of  . 

622 

7INC-BT.KNDE,  analysis  of  . 

„             results  of  analysis    . 

270 
620 

Zinc,  gravimetric  estimation  of,  as  oxide 

107 

„    volumetric  estimation  of,  as  sulphide 

281 

Zino-ore,  valuation  of    . 

28a 

PRIHTin  BT  KEILL  AND  COMPANY,  UMITSD,  XDISBUBOH. 


He.  a. 

London,  7,  Great  Martborough  Street, 
May,  1901. 

A    SELEOTION 

FBOM 

J.  &  A.  GHDRGHILL'S  CATALOGUE, 

ooMPBunre 
MOST   OF  THB   RBOBNT   WORKS   PUBLISHBD   BT  THBM. 


N.B.^J.  Jk  A.  CkurehUTi  larger  Cataiogue,  vkich  ecntaUis  over  600  vmrke 
vfiik  a  Compute  Index  to  their  Subfeete,  vOl  be  aetU  on  applieation. 


Human    Anatomy  :      a    Treatise    by    various 

Authors.  Bditod  by  Henry  Morris,  M.A.,  M.B.  Lond.,  F.K.C.S., 
Surfireon  to,  and  Lecturer  on  Sur^^ery  at,  the  Middlesex  Hospital. 
Second  Bdltlon.  Koy.  8vo,  with  790  Illustrations,  nearly  all  original, 
and  many  of  them  in  several  colours,  306. 

Heath's    Practical    Anatomy :     a     Manual    of 

Dissections.  Bighth  Bdltion.  Bdited  by  William  Andbrson, 
F.K.C.S.,  Surgeon  and  Lecturer  on  Anatomy  at  St.  Thomas's  Hospital; 
Bxaminer  in  Anatomy  for  H.C.P.  and  S.  Crown  8vo,  with  329  Bn- 
gmvings.    16s. 

Wilson's  Anatomist's  Vade-Mecum.    Eleventh 

Bdition,  by  Hknrt  B.  Clark,  M.S.C.S.  Bng.,  F.F.P.S.  Olasg., 
Bxaminer  in  Anatomy  F.P.S.,  and  Professor  of  Surgery  in  St. 
Mungo's  College,  Glasgow.  Crown  8vo,  with  493  Bngravings  and  36 
Coloured  Plates,  18s. 

An  Atlas  of  Human  Anatomy.     By   Rickman 

J.  GtoDLKB,  M.S.,  F.R.C.S.,  Surgeon  and  late  Demonstrator  of 
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Human  Osteology.  By  Luther  Holden,  Con- 
sulting Surgeon  to  St.  Bartholomew's  Hospital.  Bighth  Bdition, 
edited  by  Charles  Stswart,  F.R.S.,  Conservator  of  the  Museum 
R.C.S.,  and  Robert  W.  Keid,  M.D.,  F.R.C.S.,  Regius  Professor  of 
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A  Manual  of  General  Pathology,  for  Students 
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Selected  Researches  in  Pathology.     By  A.  G. 
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Superintendent,  West  Riding  Lunatic  Asylum.  8vo,  with  Wood  Bn- 
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Elements  of  Human  Physiology.     By  Ernest 
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Manual  of  Physiology:    for  the  Use  of  Junior 

Students  of  Medicine.  By  Gxrald  F.  Yko,  M.D.,  F.B.S.  Third 
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Elementary    Practical    Physiology,    including 
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Birch,  M.D.,  F.B.S.B.,  Professor  of  Physiology  In  the  Yorkshire 
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Junior  Students.  By  Pjcyton  T.  B.  Bkale,  F.B.C.S.,  Lecturer  on 
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Medical   Jurisprudence :     its     Principles    and 

Practice.  By  Alfksd  S.  Tatlor,  M.D.,  F.B.C.P.,  F.B.S.  Fourth 
Bdition,  by  Thomas  STEVSKSoif,  M.D.,  F.B.C.P.,  Lecturer  on  Medical 
Jurisprudence  at  Guy's  Hospital.  3  vols.  8vo,  with  189  Bngravings, 
31s.  6d. 

Lectures  on  Medical  Jurisprudence  and  Toxi- 
cology. By  Frkd  J.  Smith,  M.D.,  F.B.C.P.,  Lecturer  on  Forensic 
Medicine  and  Toxicology  at  the  London  Hospital.    Crown  Bvo,  7s.  6d. 

The  Theory  and  Practice  ot  Hygiene.     By  J. 

Lake  Nottkr,  M.D.,  Examiner  in  Hygiene  and  Public  Health  in  the 
University  of  Cambridge  and  the  Bnglish  Conjoint  Board.  Professor 
of  Hygiene  in  the  Army  Medical  School ;  and  W.  H.  Horrocks, 
M.B.,  B.Sc,  Assistant  P^fessor  of  Hygiene  in  the  Army  Medical 
School.  Second  Bdition.  With  15  Plates  and  184  other  Illustra- 
tions.  Boyal  8vo,  25s. 

A  Manual  of  Practical   Hygiene.    By  the  late 

B.  A.  Parkxs.  M.D.,  F.B.S.  Bighth  Bdition,  by  J.  Lamb  Notter 
A.M.,  M.D.,  Professor  of  Hygiene  in  the  Army  Medical  School. 
8vo,  with  10  Plates  and  103  Bngravings,  18s. 

I  A  Handbook  of  Hygiene  and  Sanitary  Science. 
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various  Authors.  Bditod  by  Thomab  Stktkksou,  M.Dm  »Qd 
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38s. ;  Vol.  II.,  aas. ;  Vol.  III..  20s. 

A  Simple  Method  of  Water  Analysis,  especially 

designed  for  the  use  of  Medical  OfRoers  of  Health.  By  Johx  G. 
Thbxsh,  M.D.Vlc,  D.Sc.  Lond.,  D.P.H.  Camb.  Second  BdlUon, 
enlarged.    Fcap.  8vo,  3s.  6d. 
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study  of  Hygiene.  By  Lovu  C.  Pabkss,  M.D.«  D.P.H.  Lond., 
Medical  Officer  of  Health  for  Chelsea,  Lecturer  on  Public  Health  at 
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Diet    and    Food    considered    in    relation    to 
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The  Prevention  of  Epidemics  and  the  Con- 
struction and  Management  of  Isolation  Hospitals.  By  RoesB 
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Effects   of  Borax   and   Boracic  Acid   on   the 

Human  System.    By  Dr.  Gsoab  Likbbsici 
versity  of  Berlin.    With  Plates,  post  4to,  3s. 
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A  Manual  of  Bacteriology,  Clinical  and  Ap- 

?lied.  With  an  Appendix  on  Bacterial  Bemedies,  Ae.  By  Richabd 
.  Hxwlbtt,  M.D.,  M.R.O.P.,  D.P.H.  Lond.,  Assistont  in  the 
Bacteriological  Department,  Jenner  Institute  of  preventive  Medicine. 
With  75  Illustrations,  post  8vo,  10s.  6d. 

Hospitals  and  Asylums  of  the  World :    their 

Origin,  Historr,  Construction,  Administration,  Management,  and 
Legislation.  By  Sir  H.  C.  Bubobtt,  K.C.B.  4  vols.,  royal  8vo,  and 
Portfolio.  Complete,  168s.  net.  Vols.  I.  and  II.— Asylums,  906.  net. 
Vols.  III.  and  IV.— HospiUls.  with  Plans  and  Portfolio,  130s.  net. 

Mental  Diseases :  Clinical  Lectures.     By  T.  S. 

Cloustoic,  M.D.,  F.R.C.P.  Bdln.,  Lecturer  on  Mental  Diseases  in  the 
University  of  Edinburgh.  Fifth  Bdltion.  Cr.  8vo,  with  19  Plates,  14s. 

The  Insane  and  the  Law:   a  Plain  Guide  for 

Medical  Men,  Solicitors,  and  Others  as  to  the  Detention  and  Treat- 
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Lewis,  Q.G.,  R.  Pkbot  Smith,  M.D.,  7.B.C.P.  and  J.  A.  Hawxx, 
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Illustrations,  8vo,  36s. 
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the  Definition,  Btymology,  and  Synonyms  of  the  Terms  used  in 
Medical  Psychology;  with  the  Symptoms,  Treatment,  and  Patho- 
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Ibklaxd.  Bdited  by  D.  Hack  Tukk,  M.D.,  LL.D.,  assisted  by 
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1,500  pages,  royal  8vo,  Illustrated,  43b. 

Mental  Physiology,  especially  in  its  Relation 

to  Mental  Disorders.  By  Thbo.  B.  Htslop,  M.D.,  Resident  Physician 
and  Medical  Superintendent  at  Bethlem  Royal  Hospital,  Lecturer  on 
Mentol  Diseases  in  St.  Mary's  Hospital  Medical  School.    8vo,  18s. 

The   Mental  Affections   of   Children:    Idiocy, 

Imbecility,  and  Insanity.  By  Wm.  W.  Irbulitd,  M.D.  Bdin., 
formerly  Medical  Superintendent  of  the  Scottish  Institution  for  the 
Education  of  Imbecile  Children.  Second  Bdition.  With  ai  Plates, 
8vo,  14s. 

Mental    Aifections  of   Childhood   and    Youth 

(Letteomian  Lectures  for  1887,  etc.).  By  J.  Langdon-Dowh,  M.D., 
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Quarterly,  by  Authority  of  the  Medico-Psychological  Association. 
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Manual  of  Midwifery,    including    all  that   is 

likely  to  be  required  by  Students  and  Practitioners.  By  Alfbkd  L. 
QjlLabts^  M.A.,  M.D.,  F.R.C.P.,  Obstetric  Physician  and  Lecturer 
on  Midwifery  and  Diseases  of  Women  to  Quy's  Hospital.  Fifth 
Bdition.    Post  8vo,  with  298  Bngravings,  15s. 

The  Practice  of  Midwifery :  a  Guide  for  Prac- 
titioners and  Students.  By  D.  Llotd  Roberts,  M.D.,  F.R.O.P., 
Lecturer  on  Clinical  Midwifery  and  Diseases  of  Women  at  the  Owens 
College ;  Consulting  Obstetric  Physician  to  the  Manchester  Royal 
Infirmary.  Fourth  Bdition.  Foap.  8vo,  with  Coloured  Plates  and 
Wood  (336)  Bngravings,  10s.  dd. 

A  Short  Practice  of  Midwifery,  embodying  the 

Treatment  adopted  in  the  Rotunda  Hospital,  Dublin.  By  Hknby 
Jbllbtt.  M.D.,B.A.0.  Dub.,  late  Assistant  Muter,  Rotunda  Hospital. 
Second  Bdition.    With  57  Illustrations.    Crown  8vo,  6s. 
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Obstetric  Aphorisms :  for  the  Use  of  Students 

oommeDoinff  Midwifery  Pmotioe.  By  Joseph  Q.  Swatitx,  M.D., 
Lecturer  on  Midwifery  in  the  Bristol  Medical  School.  Tenth  Bditlon. 
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Economics,  Anaesthetics,  and  Antiseptics   in 

the  Practice  of  Midwifery.  By  Haydn  Browh,  L.R.C.P.,  L.B.G.8. 
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Lectures  on   Obstetric  Operations:   including 

the  Treatment  of  Hamorrhaffe,  and  forming  a  Quide  to  the  Manage- 
ment of  Difficult  Labour.  By  Robkrt  Baritbs,  M.D.,  F.R.C.F., 
Consulting  Obstetric  Physician  to  St.  George's  Hospital.  Fourth 
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A  Clinical   History    of  Medical   and   Surgical 

Diseases  of  Women.    Second  Bdition.    8vo,  with  181  Bngravings,  38s. 

Gynaecological     Operations    (Handbook     of). 

By  Albah  H.  O.  Doran,  F.R.C.S.»  Surgeon  to  the  Samaritan  HospltaL 
8to,  with  167  Bngravings,  l&s. 
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By  Alfrkd  L.  Oalabik,  M.A.,  M.D.,  F.H.C.P.,  Obetetric  Phy- 
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A  Short  Practice  of  Gynaecology.     By  Henry 

Jkllktt,  M.D.,  B.A.O  Dub.,  late  Assistant  Master,  Kotunda 
Hospital,  Dublin    With  135  Illustrations,  crown  8vo,  It.  tfd. 

Manual  of  the  Diseases  peculiar  to  Women. 

By  Jamxs  Olivkb,  M.D.,  F.B.S.B..  M.R.C.P..  Ph3^ician  to  the 
Hospital  for  Diseases  of  Women,  London.    Fcap.  8to,  3s.  6d. 

By  the  same  Author. 

Abdominal  Tumours  and  Abdominal   Dropsy 
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A  Manual  for  Hospital  Nurses  and  others  en- 

KH|i[ed  in  Attending  on  the  Sick.  By  B.  J.  Domville,  Surgeon  to 
the  Devon  and  Bxeter  HoBpital.    Bighth  Bdition.    Crown  8vo,  38. 6d. 

A     Short      Manual      for     Monthly     Nurses. 

By  Chaklbs  J.  CuLLorowoRTH,  M.D.,  F.H.C.P.,  Obstetric  Physician 
to  St.  Thomas's  Hospital.  Bevised  by  M.  A.  Atkiksoh.  Fourth 
Bdition.    Fcap.  8vo,  Is.  6a. 

Notes  on   Gynaecological  Nursing.     By  John 

Benjamih  Hxllikr,  M.D.,  Surgeon  to  the  Hospital  for  Women,  etc.* 
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Lectures  on  Medicine  to  Nurses.     By  Herbert 

B.  Cuff,  M.D.,  F.B.C.8.,  Medical  Superintendent,  North  Bastem 
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Antiseptic   Principles   for   Nurses.     By  C.  £. 
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•A  Practical  Treatise  on  Disease  in  Children. 

By  BvSTAGB  Smith,  M.D.,  F.R.C.P.,  Physician  to  the  King  of  the 
Belgians,  and  to  the  Bast  London  Hospital  for  Children,  etc.  Second 
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Second  Bdition.    Post  8vo,  Ts.  6d. 
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The     Wasting      Diseases      of     Infants     and 
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The     Diseases    of    Children.     By  James   F. 
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G.  F.  STIL.L,  M.D.,  Medical  Registrar  to  the  Hospital  for  Sick 
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On  the  Natural  and  Artificial  Methods  of  Feed- 
ing Infants  and  Toung  Children.  By  Bdmund  Cautlby,  M.D. 
Physician  to  the  Belgrave  Hospital  for  Children.    Crown  8vo,  Ts.  tfd. 

Materia    Medica,    Pharmacy,    Pharmacology, 

and  Therapeutics.  By  W.  Halk  Whitb,  M.D.,  F.R.C.P.,  Physician 
to,  and  ]>(&cturer  on  Phannaoology  and  Therapeutics  at,  Guy's 
Hospital.  Sixth  Bdition,  based  upon  the  fi.P.  of  1898  and  thp  Indian 
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Southairs    Organic    Materia    Medica.       Sixth 

Edition,  adapted  to  the  B.P.  of  1898.  Bdited  by  John  Barct.at, 
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An     Introduction    to    the    Study    of    Materia 

Medica,  desifcned  for  Studisnts  of  Pharmacy  and  Mediciae.  By 
Hkitrt  O.  Orvkhish.  F.I.C.  F.L.S.,  ProfeMor  of  Materia  Medica  and 
Pharmacy  to  the  Fhvinaceutical  Society.  With  2\-i  Illustrations, 
8vo,  15s. 

Materia  Medica  and  Therapeutics.    By  Charles 

D.  F.  Phillips,  M.D.,  LL.D.,  F.R.8.  Bdin. 
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Practical     Pharmacy:    an     Account    of     the 

Methods  of  Manufacturing  and  Dispensing  Pharmaoeutioal  Prepara- 
tions ;  with  a  chapter  on  the  Analysis  of  Urine.  By  B.  W.  Lucas, 
F.C.S.,  Examiner  at  the  Pharmaceutical  Society.  With  383  Illustra- 
tions.   Hoy.  8vo,  12b.  6d. 

Galenic  Pharmacy:  a  Practical  Handbook  to 

the  Processes  of  the  British  Pharmacopasia.  By  B.  A  Ciupps,  M.P.S. 
8vo,  with  76  Bngravings,  8s.  6d. 

Practical  Pharmacy.    By  Barnard  S.  Proctor. 

Third  Edition.   8vo,  with  Bngravings  and  Fac-simile  Prescriptions,  lis. 

The   Galenical    Preparations    of   the    British 

PharmaoopoBia  :  a  Handbook  for  Medical  and  Pharmaceutical  Students. 
By  C.  O.  HAvrruoBKB,  M.D.,  CM.,  late  Lecturer  on  Materia  Medica 
and  Therapeutics,  Queen  Margaret's  College,  Glasgow.    8vo,  4s.  6d. 

The   Pharmaceutical  Formulary  :    a  Synopsis 

of  the  British  and  Foreign  Pharmaooposias.  By  Mkhby  Bkaslxt. 
Twelfih  Edition  by  J.  Oldham  Biu,iTHWiftiTK     18mo,  6s.  6d. 

By  ihtt  aama  Author, 

The  Druggist's  General  Receipt- Book.     Tenth 

Edition.    18mo,  68.  6d. 

Also, 

The  Book  of  Prescriptions :  containing  upwards 

of  3,000  Prescriptions  collected  from  the  Practice  of  the  most  eminent 
Physicians  and  Surgeons,  English  and  Foreign.  Seventh  Edition, 
18mo,  6s.  6d. 

A  Companion  to  the  British   Pharmacopoeia. 

By  Pktkr  Squirk.  Keviseit  y  Pktkr  Wyatt  Squikk.  F.L.S.,  F.C.8. 
Seventeenth  Edition.    8vo,  1 2s.  6d. 

Bff  the  aame  Authors. 

The  Pharmacopoeias  of  thirty  of  the  London 

Hnspitals,  arranged  in  Groups  for  Comparison.  Seventh  Edition. 
Fcap.  8vo,  6s. 
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Pereira's    Selecta    e    Prescriptis :    containing 

LlsU  of  Termt  used  in  Prescriptions,  with  Bxpl&natory  Notes,  etc. 
Also,  a-  Series  of  Abbreviated  Prescriptions  with  Translations. 
Eighteenth  Bdition,  by  Joskph  Inck.    a4mo,  5b. 

Year-Book  of  Pharmacy:  containing  the  Trans- 
actions of  the  British  pharmaceutical  conference.  Anniially.  8vo,lU8, 

Manual  of  Botany,  in  two  Vols.,  crown  8vo. 

By  J.  Reyholds  Orkem,  Sc.D.,  M.A.,  F.R.S.,  Professor  of  Botany  to 
the  Pharmaceutical   Society. 

Vol.  I. :  Morphology  and  Anatomy,  with  788  Bngravings.     Second 
Bdition.    7s.  6d. 

Vol.  II. :  CUssifioatlon  and  Physiology,  with  417  Bngravings,  10s. 

By  the  same  Author. 

An     Introduction    to    Vegetable     Physiology. 

With  184  lUnstraUons,  8vo.  lOs.  fid. 

The   Student's  Guide   to  Systematic   Botany, 

including  the  Classification  of  Plants  and  Descriptive  Botany.  By 
Robert  Bkrtuct,  late  Bmeritus  Professor  of  Botany  in  Kinir  s 
College  and  to  the  Pharmaceutical  Society.  Pcap.  8vo,  with  350 
Bngravings,  Ss.  0d. 

Medicinal    Plants :    being    Descriptions    with 

original  figures,  of  the  Principal  Plants  employed  in  Medicine,  and 
an  account  of  their  Properties  and  Uses.  By  Prof.  Beittlkt  and  Dr. 
H.  TRiMiEir,  F.R.S.  In  4  vols.,  large  8vo,  with  306  Coloured  Plates, 
bound  in  Half  Morocco,  Qilt  Bdges,  £11  lis. 

Therapeutic  Electricity  and  Practical  Muscle 

Testing.  By  W.  S.  Uedlky,  M.D.,  in  charge  of  the  Blectro- thera- 
peutic Department  of  the  London  Hospital.  With  110  IllustratJons. 
Roy.  8vo,  8s.  6d. 

Practical      Therapeutics :      a     Manual.       By 

Bdward  J.  Wardtg,  C.I.B.,  M.D.,  F.R.C.P.,  and  Dudlky  W. 
Buxton,  M.D.,  B.S.  Loud.    Fourth  Bdition.    Crown  8vo,  14s. 

By  the  aame  Author. 

Bazaar    Medicines    of    India,    and     Common 

Medical  Plants.  With  Pull  Index  of  Diseases,  indicating  their  Treat- 
ment by  these  and  other  Agents  procurable  throughout  India,  etc. 
Fifth  Bdition.    Fcap.  8vo,  56. 
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Climate  and  Fevers  of  India,  with   a   Series 

of  Caaeft  (Croonian  Lectures,  1883).  By  Sir  Jobkph  Paybkr, 
K.C.8.Im  M.D.    8vo,  with  17  TempeFature  Charts,  las. 

Psilosis  or  "Sprue":  its  Nature  and  Treat- 
ment ;  with  Observations  on  various  Forms  of  Diarrhoea  acquired  in 
the  Tropics.  By  Gborge  THiif,  M.D.  Second  and  Bnlarged  Bdition, 
with  Illustrations.    8vo,  10s. 

A   Manual  of  Family  Medicine  and   Hygiene 

for  India.  Published  under  the  Authority  of  the  Qovemment  of 
India.  By  Sir  William  J.  Moork,  K.C.I.B.,  M.D.,  late  Surgeon- 
General  with  the  Government  of  Bombay.  Sixth  Sklition.  Poet  8vo. 
wiUi  71  Bngravings,  12s. 

Bi/  the  aeune  Author. 

A   Manual  of  the  Diseasos-»of  India  :   with  a 

Compendium  of  Diseases  generally.  Second  Bdition.  Poet  8vo, 
10s. 

The   Prevention  of  Disease  in   Tropical  and 

Sub-Tropical  Campaigns.  (Parkes  Memorial  Prise  for  1886.)  By 
Lieut.-Col.  Akbrkw  Dunoak,  M.D.,  B.S.  Lond.,  F.B.C.S.,  H.M. 
Indian  Medical  Service.    8vo,  13s.  6d. 

A  Commentary  on  the  Diseases  of  India.     By 

NoRMXN  Chkvbiu,  C.I.B.,  M.D.,  F.R.C.S.,  Deputy  Surgeon-General 
H.M.  Indian  Army.    8vo,  34s. 

Hooper's  Physicians*  Vade-Mecum  :  a  Manual 

of  the  Principles  and  Practice  of  Physic.  Tenth  Bdition.  By  W.  A. 
Guy,  P.R.C.P..  F.R.S.,  and  J.  Marlst,  M.D..  F.R.C.P.  With  118 
Bngravings.    Fcap.  8vo,  12b.  6d. 

The    Principles    and    Practice    of    Medicine.  * 

(Text-book.)  By  the  late  C.  Hiltok  Faoor,  M.D.,  and  P.  H. 
PyK-SMiTH,  M.D.,  F.S.S.,  F.R.C.P.,  Phsrsician  to,  and  Lecturer  on 
Medicine  at,  Guy's  HosplUl.  Third  Bdition.  3  vols.  8vo,  dnth,  40t. ; 
Half  Leather,  468. 

Manual    of    the     Practice    of   Medicine.      By 

Frkdkriok  Taylor,  M.D.,  F.B.C.P.,  Physician  to,  and  Lecturer 
on  Medidne  at,  Guy's  Hospitol.  Fifth  Bdition.  Post  8vo  with 
Engravings,  IBs. 

7,  GREAT  MARLBOROVQH  STREET. 

10 


J.  6f  A,  CkurekUVs  decent  Works. 


A    Dictionary    of    Practical    Medicine.      By 

varioat  writers.  Edited  by  Jxb.  KiHOsroir  Fowlkb,  M.A.,  M.D., 
F.R.O.P.,  PhyslcUin  to  Middleaex  HotpiUl  and  the  Hospital  for  Con- 
sumption.    8vo,  doth,  21s. ;  half  oalf,  3$8. 

The   Practice  of  Medicine.     By  M.  Charteris, 

M.D.,  Professor  of  Therapeutics  and  Bfateria  Medica  in  the  Uni 
versity  of  Olnsgow.     Migbth  Bdition.  Kdited  by  F.  J.  Ohaktxris, 
M.B.,'Ch.  B.  Crown  8vo,  with  Bngravings  on  Copper  and  Wood,  lOs. 

A  Text-Book  of  Bacteriology  for  Students  and 

Practitioners  of  Medicine.  By  Q.  M.  STBRifBERO,  M.D.,  Surgeon- 
General,  U.S.  Army.  With  9  Plates  and  300  Figures  in  the  Text. 
8vo,  24s. 

How    to    Examine    the    Chest:    a    Practical 

Guide  for  the  use  of  Students.  By  Samukl  Wkst,  M.D.,  F.R.C.P., 
Assistant  Physician  to  St.  Bartholomew's  Hospital.  Third  Bdition. 
With  46  Engravings:    Fcap.  8vo,  5s. 

An  Atlas  of  the  Pathological  Anatomy  of  the 

Lungs.  By  the  late  WiLSOir  Fox,  M.D.,  F.R.S.,  F.R.C.P., 
Physician  to  H.M.  the  Queen.  With  45  Plates  (mostly  Coloured)  and 
Bngravings.    4to,  half-bound  in  Calf,  70s. 

By  the  same  Author. 

A    Treatise  on    Diseases    of  the   Lungs    and 

Pleura.  Bdlted  by  Sidvkt  Coupland,  M.D.,  F.K.C.P.,  Physician  to 
Middlesex  Hospital.  Roy.  8vo,  with  Bngravings ;  also  Portrait  and 
Memoir  of  the  Author,  36s. 

The  Student's  Guide  to  Diseases  of  the  Chest. 

By  ViKCKNT  D.  Harris,  M.D.  Lond.,  F.R.C.P.,  Physician  to  the  City 
of  London  Hospital  for  Diseases  of  the  Chest,  Victoria  Park.  Fcap. 
8vo,  with  55  Illustrations  (some  Coloured),  Ts.  6d. 

The    Schott    Methods    of  the    Treatment    of 

Chronic  Diseases  of  the  Heart,  with  an  account  of  the  Nauheim  Baths, 
and  of  the  Therapeutic  Bxercises.  By  W.  Bkzly  Thorkb,  M.D., 
M.R.C.P.    Third  Bdition.    8vo,  with  Illustrations,  6s. 

Guy's  Hospital  Reports.    By  the  Medical  and 

Surgical  Staff.    Vol.  XXXIX.    Third  Series.    8vo,  lOs.  6d. 

St.  Thomas's  Hospital  Reports.  By  the  Medical 

and  Surgical  staff.    Vol.  XXVII.    New  Series.    8vo,8b.  6d. 

Westminster  Hospital  Reports.  By  the  Medical 

and  Surgical  Staff.    Vol.  XI     8vo,  8s. 
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«/.  Sf  A.  Churchill^ s  Mecent  Works, 
Text-Book   of   Medical  Treatment    (Diseases 

and  Symptoou}.  By  Nutob  L  0.  Tikarp,  M.D.,  F  R.O.P..  Pro- 
fessor of  the  Prinoiplet  and  Praotloe  of  Medicine,  King's  College, 
London.    Svo,  16e. 

Medical  Diagnosis.    (Student's  Guide  Series.) 

Br  Sawitkl  FsmriCK,  M.D.,  F.R.O.P.,  and  W.  Soltau  Fkkwiok, 
M.D..  B.S.    Bighth  Bdition.    Crown  8vo,  with  135  Bngravlngs,  0s. 

Bff  th»  8am»  Authors. 

Outlines  of  Medical  Treatment.    Fourth  Edition. 

Crown  8vo,  with  35  Bngravings,  10s. 

Also. 

Ulcer  of  the  Stomach  and  Duodenum.    With 

55  Illustrations.    Boy.  8vo,  10s.  6d. 

Aiao,  by  Dr.  Samuef  Fenwick. 

Clinical  Lectures  on   some  Obscure  Diseases 

of  the  Abdomen.  Delivered  at  the  London  Hospital.  8vo,  with 
Bngravings,  7s.  6d. 

And 

The  Saliva  as  a  Test  for  Functional  Diseases 

of  the  Liver.    Crown  8vo,  fls. 

The  Liver.     By  Lionel  S.  Beale,  M.B.,  F.R.S., 

Consulting  Physician  to  King's  College  Hospital.  With  21  Plates 
{^^  Figures),  8vo,  iSs. 

By  the  same  Author. 

On  Slight  Ailments  :  and  on  Treating  Disease. 

Fourth  Bdition.    8vo,  58. 

The  Blood:    how  to  Examine  and   Diagnose 

its  Diseases.  By  Alfrkd  C.  Colk8,  M.D.,  B.Sc.  With  6  Coloured 
Plates.    8vo,  10s.  6d. 

The   Physiology  of  the   Carbohydrates ;   their 

Application  as  Food  and  Relation  to  Diabetes.  By  F.  W.  Pavt,  M.D., 
LL.D.,  F.R.S.,  F.B.C.P.,  Consulting  Physician  to  Quy's  HospiUl. 
Royal  8vo,  with  Plates  and  Bngravings,  lOs.  6d. 

Medical    Lectures    and    Essays.      By   Sir   G. 

J0HN80N,  M.D.,  F.R.C.P.,  F.R.S..  Consulting  Physician  to  King's 
College  Hospital.    8vo,  with  46  Bngravings,  258. 

By  the  same  Author. 

An  Essay  on  Asphyxia  (Apncea).     8vo,  3s. 
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e/.  ^  A.  Ohurchiirn  Recent  Works. 
Uric  Acid  as  a   Factor  in    the  Causation  of 

Dlteaae.  By  Ai.xxAia>BS  Haio,  M.D.,  F.B.C.P.  Phytidui  to  the 
Metropolitan  Hospital  and  the  Royal  Hospital  for  Children  and 
Women.    Fifth  Edition.     8vo,  with  75  Illustrations,  Us. 

Bronchial  Asthma :  its  Pathology  and  Treat- 
ment. By  J.  B.  Brrkart,  M.D.,  late  Physician  to  tiie  City  of 
London  Hospital  for  Diseases  of  the  Chest.  Second  Edition,  with  7 
Plates  (:)5  FiKiires).    8vo,  10s.  6d. 

Treatment  of  Some  of  the  Forms  of  Valvular 

Disease  of  the  Heart.  By  A.  B.  Sansom,  M.D.,  F.R.C.P.,  Physician 
to  the  London  Hospital.  Second  Edition.  Fcap.  8vo,  with  :M  Bngrav 
inj(s,  48.  6d. 

Medical  Ophthalmoscopy:  a  Manual  and  Atlas. 

By  Sir  Wuxlim  B.  Ck)WK88,  M.D.,  F.R.C.P.,  F.R.S.  Third  Edition. 
Edited  with  the  assistance  of  Makcus  Gunk,  M.B.,  F.R.C.S.,  Surgeon 
to  the  Royal  London  Ophthalmic  Hospital.  With  Coloured  Plates 
and  Woodcuts.    8vo,  16e. 

By  tk9  tame  Author. 

A  Manual  of  Diseases  of  the  Nervous  System. 
Vol.  I. — Nerves  and  Spinal   Cord.       Third 

Edition,  hy  the  Author    and  James  Taylor,  M.D.,  F.R.O  P. 
Roy.  8vo,  with  lOa  Engravings,  158. 

Vol.  II. — Brain  and  Cranial  Nerves :  General 

and  Functional  Diseases  of  the  Nervous  System.  Second  Edition. 
Roy.  8vo.  with  183  Engravings,  aOs. 

Also, 

Clinical  Lectures  on  Diseases  of  the  Nervous 

Ssrstem.    Svo  7s.  6d. 

Aiao. 

Diagnosis  of  Diseases  of  the   Brain.     Second 

Edition.    Svo,  with  Engravings,  Is.  6d. 

Aito. 

Syphilis   and  the   Nervous  System :    heing   a 

Revised  Reprint  of  the  Lettaomian  Lectures  for  1890.  Delivered  before 
the  Medical  Society  of  London.    Svo,  4fl. 

The   Nervous  System,  Diseases  of.     By  J*  A. 

Okmsbod,  M.D.,  F.R.C.P.,  Physician  to  the  National  Hospital  for  the 
Paralysed  and  Epileptic.    With  66  Illustrations.    Fcap.  Svo,  8s.  6d. 
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J.  Sf  A.  OhurehiWB  Recent  Warke, 
Text-Book  of  Nervous  Diseases  for  Students 

and  Pnctitlonera  of  Medicine.  By  Charles  L.  Dasa,  M.D.,  Pro- 
feMor  of  Nervous  and  Mental  Dlteases  in  Bellevue  Hospital  Medical 
CoUeRe,  New  York.  Fourth  Bditlon.  With  246  Illustrationa.  8vo,2t)a. 

Diseases  of  the   Nervous   System.     Lectures 

delivered  at  Guy's  Hospital.  By  Sir  Samurl  Wilxs,  Bart.,  M.D., 
P.B.8.    Second  Bditlon.    8vo,  18s. 

Handbook    of  the   Diseases  of  the    Nervous 

System.  By  Jambs  Ross,  M.D.,  F.K.C.P.,  late  Professor  of  Medicine 
in  the  Victoria  University,  and  Physician  to  the  Boyal  Infirmary, 
Manchester.    Boy.  8vo,  with  184  Bngravings,  18e. 

Stammering :     its    Causes,    Treatment,     and 

Cure.    By  A.  O.  Bkunard,  M.R.C.S..  L.K.C.P.     Crown  8vo,  38. 

Secondary   Degenerations  of  the  Spinal  Cord 

(rful8t4mian  I^'c(ur«»,  IWfl).    By  Howard  H.  Tixith,  M.D,,  F.R.C.P., 
Assistant  Physician  to  the  National  Hoflpiinl  for  the  Paralysed  and 
•  Bpileptic.    With  Plates  and  Kngravinfcs.     hvo,  ;)s.  6d. 

Diseases  of  the   Nervous    System.      Clinical 

Lectures.  By  Thomas  Buzzard,  M.D.,  F.R.C.P.,  Physician  to  the 
National  Hospital  for  the  Paralysed  and  Bpileptic.  With  Bngravlngs. 
8vo,  16s. 

By  the  same  Author. 

Some    Forms    of   Paralysis    from    Peripheral 

Neuritis ;  of  Qouty,  Alcoholic.  Diphtheritic,  and  other  origin.  Crown 
8vo,  As. 

Atao. 

On  the    Simulation   of  Hysteria    by  Organic 

Disease  of  the  Nervous  System.    Crown  8vo,  4s.  6d. 

On  the  Typhoid  Bacillus  and  Typhoid  Fever, 

being  the  Ooulst/>nfan  Lectures  delivered  ber<iri*  the  Royal  College 
of  Physicians  in  March.  1900,  by  P.  Hortom-Smith,  M.D.,  F.R.G.P. 
With 'Illustrations,  8vo,  2s.  M. 

Gout  in  its  Clinical  Aspects.    By  J.  Mortimer 

Granvillx,  M.D.    Crown  8vo,  6s. 

Diseases    of   the    Liver:    with    and    without 

Jaundice.  3y  Oborob  Harusy,  M.D.,  F.R.C.P.,  F.B.S.  8vo,  with  3 
Plates  and  36*Bngravings,  31s. 

Rheumatic   Diseases  (Differentiation  in).     By 

Hugh  Lanb,  Surgeon  to  the  Royal  Mineral  Water  Hospital,  Bath. 
Second  Edition,  much  Enlarged,  with  8  Plates.    Grown  8vo,  Ss.  6d. 
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Diseases  of  the  Abdomen,  comprising  those 

of  the  Stomach  and  other  parte  of  the  Alimentary  Canal,  (Baophagua, 
0«mm,  Intestines,  and  Peritoneum.  By  S.  O.  Habkbshon,  M.D., 
P.R.C.P.    Fourth  Bdition.    8vo,  with  5  Pbtes,  21 0. 

On   Gallstones,    or   Cholelithiasis.      By  £.  M. 

Bbookbjlmk,  M.D.  Vict.,  M.K.C.P.  Lond..  Honorary  Physician  to  the 
Anooats  Hospital,  Manchester.    Crown  8vo,  7s. 

On  the   Relief  of   Excessive   and    Dangerous 

Tjrmpanitea  by  puncturing  the  Abdomen.  By  John  W.  Oolb,  M.D., 
Consulting  Physician  to  St.  (George's  Hospital.    8vo,  5s.  6d. 

Headaches :  their  Nature,  Causes,  and  Treat- 
ment. By  W.  H.  Day,  M.D.,  Physician  to  the  Samaritan  Hospital. 
Fourth  Bdltlon.    Crown  8vo,  with  Bngravings,  7s.  6d.     . 

A  Handbook  of  Medical  Climatology,  embody- 
ing its  Principles  and  Therapeutic  Application,  with  Scientific  Data 
of  the  chief  Health  UesorU  of  the  World.  By  S.  Bdwin  Solly,  M.D. 
M.K.C.S.,  late  President  of  the  American  Cllmatological  Association. 
With  Bngravings  and  Coloured  Plates.     8yo,  168. 

The    Mineral    Waters    of    France,    and    its 

Wintering  Stations  (Medical  Guide  to).  With  a  Special  Map.  By  A. 
VIHTIU8,  M.D.,  Physician  to  the  French  Embassy,  and  to  the  French 
Hospital,  London.    Second  Bdition.    Crown  8vo,  8s. 

Surgery :  its  Theory  and  Practice.    By  William 

J.  WAL8KAM,  F.B.G.S.,  Surgeon  to,  and  Lecturer  on  Anatomy  at, 
St.  Bartholomew's  Hospital.  Seventh  Bdition.  Post  8vo,  with  483 
Bngravings  (including  28  Skiagrams),  15s. 

A   Synopsis   of    Surgery.      By    R.    F.    Tobin, 

Surgeon  to  St.  Vincent's  Hospital,  Dublin.  Crown  8vo,  interleaved, 
leather  bfnding,  6«.  6d. 

Surgical    Emergencies  :     together    with    the 

Bmergencies  attendant  on  Parturition  and  the  Treatment  of  Poison- 
ing. By  Paul  Swaik,  F.B.C.S.,  Surgeon  to  the  South  Devon 
and  Bast  Cornwall  Hospital.  Fifth  Bdition.  Crown  8vo,  with  149 
Bngravings,  6s. 

Illustrated  Ambulance  Lectures :  (to  which  is 

added  a  Nubbutg  Lbctubb)  In  accordance  with  the  Regulations  of  the 
St.  John's  Ambulance  Association  for  Male  and  Female  Classes.  By 
Jomr  M.  H.  Mabtdc,  M.D.,  F.R.C.S.,  Hon.  Surgeon  to  the  Blackburn 
Infirmary.    Fourth  Bdition.     Crown  8vo,  with  60  Bngravings,  3s. 
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J.  Sf  A,  Churchill* 8  Recent  Worke. 
Operations   on    the   Brain   (a  Guide  to).     By 

Auto  FRA8EB,  ProfaMor  of  Anatomy,  Boyal  Collefre  of  Surgeons 
in  Ireland.  Illustrated  by  49  life-size  Plates  in  Autotype,  and  2 
Woodcuts  in  the  text.    Polio,  63e. 

Abdominal  Surgery.    By  J.  Greig  Smith,  M.A., 

P.R.S.B.  Sixth  Edition.  Bdited  by  Jamss  Swaih,  M.S.,  M.D.  Lond., 
F.R.C.S.  Bng.,  Assistant-Surf^eon  to  the  Bristol  Royal  Inflnnary. 
Professor  of  Surgery,  University  College,  Bristol.  2  vols.,  8vo,  with 
294  Bngravlngs,  .')68. 

The    Physiology    of   Death    from    Traumatic 

Fever;  a  Study  in  Abdominal  Surgery.  By  Johk  D.  Malcolm, 
M.B.,  CM.,  F.R.C  S.B.,  Surgeon  to  the  Samaritan  Free  Hospital. 
8vo,  3s.  6d. 

The   Surgery  of  the  Alimentary  Canal.      By 

Alfrkd  Erksst  Maylard,  M.B.  Lond.  and  B.S.,  Senior  Surgeon  to 
the  Victoria  Infirmary,  Glasgow.  With  27  Swantype  Plates  and  89 
Figures  in  the  Text,  8vo,  96s. 

By  th9  samt  Author. 

A  Student's  Handbook  of  the  Surgery  of  the 

Alimentary  Canal.    With  97  Illustrations.    Crown  8vo,  8s.  6d. 

Surgery.     By  C.  W.  Mansell   Moullin,   M.A., 

M.D.  Oxon.,  F.R.C.S.,  Surgeon  and  Lecturer  on  Phyiiol(^{y  to  the 
London  Hospital.    Lai^e  6vo,  with  497  Bngravings,  34s. 

The    Practice    of    Surgery  :    a    Manual.      By 

Thomas  Brtakt,  Consulting  Surgeon  to  Guy's  Hospital.  Fourth 
Bdition.  2  vols,  orown  8vo,  with  750  Bngravings  (many  being 
Coloured),  and  including  6  ohromo  plates,  32s. 

The    Surgeon's   Vade-Mecum  :    a  Manual    of 

Modem  Surgery.  By  R.  Dbuitt,  F.R.C.S.  Twelfth  Bdition.  By 
Staitlkt  Botd,  H.B.,  F.R.C.S.,  ABsirtant  Surgeon  and  Pathologist 
to  Charing  Cross  Hospital.    Crown  8vo,  with  873  Bngmvlngs,  10s. 

The  Operations  of  Surgery  :  intended  for  use 

on  the  Dead  and  Living  Subject  alike.  By  W.  H.  A.  Jaoobsok, 
M.A.,  M.B.,  M.Ch.  Oxon.,  F.R.C.S.,  Assistant  Surgeon  to,  and 
Lecturer  on  Anatomy  at,  Guy's  Hospital.  Third  Bdition.  8vo,  with 
401  Illustrations,  34s. 
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J.  Sf  A.    ChurehilVi  Recent    Works. 
A  Course   of  Operative   Surgery.      By  Chris- 

TOPHBB  HSATH,  Surgeon  to  Uniraralty  College  Hotpltal.  Seoond 
Bdltlon.  With  30  Coloured  Plates  080  figures)  from  Nature,  by 
M.  LAvkillA,  and  several  Woodcuts.    Large  8vo,  Ws. 

By  th9  aame  Author, 

The  Student's   Guide    to  Surgical    Diagnosis. 

Second  Bdition.    Fcap.  8vo,  6b.  6d. 

Also, 

Manual  of  Minor  Surgery  and  Bandaging.   For 

the  use  of  House-Surgeons,  Dressers,  and  Junior  Practitioners. 
Eleventh  Bdition.    Fcap.  8vo,  with  17tt  BngravlnKS,  6s. 

Alto. 

Injuries    and   Diseases  of  the  Jaws.      Fourth 

Bdition.  Bdited  by  Hefbt  Pbrct  Dban,  M.S.,  F.B.C.S.,  Assistant 
Surgeon  to  the  London  Hospital.    8vo,  with  187  Wood  Bngra\ingB,  Hs. 

Ovariotomy    and    Abdominal    Surgery.        By 

Harbison  Obipps,  F.B.C.S.,  Surgical  StaflT,  St.  Bartholomew's 
Hospital.    With  numerous  Plates,  royal  Svo,  25s. 

Diseases    of   Bones  and  Joints.    By  Charles 

Magkavara,  F.B.C.S.,  Surgeon  to,  and  Lecturer  on  Surgery  at,  the 
Westminster  Hospital.    Svo,  with  Plates  and  Bngravings,  ISs. 

Surgical     Pathology   and    Morbid    Anatomy. 

By  AirTHOinr  A.  Bowut,  F.B.O.S.,  Assistant  Surgeon  to  St. 
Bartholomew's  Hoepital.  Fourth  Bdition.  Crown  Svo,  with  186 
Bngravings,  lOs.  6d. 

By  th§  9am§  Author. 

Injuries   and  Diseases  of   Nerves,  and  their 

Surgical  Treatment.    Svo,  with  90  Plates,  14s. 

Chloroform  :  a  Manual  for  Students  and  Prac- 
titioners. By  Edwabd  Lawrib,  M.B.  Bdln.,  Lieut.-Ool.  I.M.B., 
Residency  Surgeon,  Hyderabad.     Illustrated,  crown  4to,  6e.  net. 
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/.  Sf  A.   Olmreha'%  Beemt    Works. 
Diseases    of    the    Thyroid    Gland    and    their 

Surglcml  Treatment.  B3*  James  Behry,  B.8.  Lond.,  F.R.C.S.,  Sur- 
geon to  the  Royal  Free  Hospital  and  Lecturer  on  Surgery  at  the 
London  School  of  Medicine  for  Women.  With  121  Illustrationt, 
'^vo,  14a. 

The   Human   Foot :    its   Form   and  Structure, 

Functions  and  Olothing.  By  Thomas  S.  Kllis,  Consultinic  Surgeon 
to  the  Gloucester  Inflnnary.  With  7  Plates  and  Bngravin|[s  (50 
Figures).    8vo,  76.  6d. 

Short  Manual  of   Orthopaedy.      By    Heather 

Bioe,  F.B.C.S.Bd.,  Part  I.  Deformities  and  Deficiencies  of  the 
Head  and  Neck.    8vo,  3s.  6d. 

Face    and    Foot  Deformities.      By   Frederick 

Chukchiix,  cm.    8vo,  with  Plates  and  II lustrations,  10s.  6d. 

Royal  London  Ophthalmic  Hospital  Reports. 

By  the  Medical  and  Surgical  SUff.    Vol.  XIV.,  Part  2.    8vo,  58. 

Ophthalmological  Society  of  the  United  King- 
dom.   Transactions.    Vol.  XX.    8vo,  las.  6d. 

Manual  of  Ophthalmic  Surgery  and  Medicine. 

By  W.  H.  H.  Jbssop,  M.A.,  F.R.C.S.,  Ophthahnic  Surgeon  to  St.  Bar- 
tholomew's HospiUl.  With  5  Coloured  Plates  and  110  Wcodcuts. 
Crown  Kvo,  9s.  6d. 

Nettleship*s  Diseases  of  the  Eye.    Sixth  Edition. 

Revised  and  Edited  by  W.  T.  Holmes  Spiceb,  MB.,  F.R.C.S..  Oph- 
thalmic Surgeon  to  St.  Bartholomew's  Hospital  and  the  Victoria 
Hospital  for  Children.  With  101  Engravings  and  a  Coloured  Plate 
illustratlog  Colour-Blindness.    Crown  8vo,  8s.  6d. 

Diseases    and    Refraction    of   the   Eye.      By 

N.  G.  Macvaicaiu.,  F.R.C.S.,  Surgeon  to  Westminster  Hospital,  and 
QUSTAYUS  HARTRiDas,  F.R.C.S.,  Surgeon  to  the  Royal  Westminster 
Ophthahnic  Hospital.  Fifth  Bdition.  Crown  8vo,  with  Plate,  156 
Bngravings,  also  Test-types,  10s.  6d, 

On  Diseases  and  Injuries  of  the  Eye:  a  Course 

of  Systematic  and  Clinical  Lectures  to  Students  and  Medical 
Practitioners.  By  J.  R.  Wolfe,  M.D.,  F.R.C.S.B.  With  10  Coloured 
Plates  and  167  Wpod  Engravings.    8vo,  ais. 

Convergent    Strabismus,   and  its    Treatment, 

an  Essay.  By  Bdwdt  Holthouss,  M.A.,  F.R.C.S.,  Surgeon  to  the 
Western  Ophthalmic  Hospital.    8vo,  6s. 


7,  GREAT  MARLBOROUGH  STREET, 


J.  8f  A.   ChurchiU's  Recent    Works. 


Normal    and    Pathological    Histology  of   the 

Human  Bye  and  Byellds.  By  C.  Frsd.  Pollock,  M.D.,  F.B.C.S., 
and  F.B.S.B.,  Surgeon  for  Dieeases  of  the  Bye  to  Anderson's  College 
Dispensary,  filasKOw.    Crown  8vo,  with  lOU  Plates  (230  drawings),  lAs. 

Atlas    of  Ophthalmoscopy.     Composed   of  Z2 

Chromo-lithographic  Plates  (59  Figures  drawn  from  nature)  and 
Bxplanatory  Text.  By  Ricbard  Lirbrsich,  M.R.C.S.  Translated  by 
H.  B08BOBOUOH  SwANZT,  M.B.    Third  Bditlon,  4to,  40s. 

Refraction  of  the  Eye :  a  Manual  for  Students* 

By  OusTAVUS  Hartriogb,  F.B.C.S.,  Surgeon  to  the  Royal  West- 
minster Ophthalmic  Hospital.  Tenth  Bdltion.  Crown  8\o,  with 
104  Illustrations,  also  Test-types,  ct«.,  6s. 

By  the  same  Author. 

The  Ophthalmoscope  :  a  Manual  for  Students. 

Third  Bditiou.    Crowu  Hvu,  with  6b  lUualralions  and  4  Plates.  4s.  6d. 

Glaucoma  :   its  Pathology  and  Treatment.     By 

Prubitlky  Smith,  Ophthalmic  Surgeon  to  the  Queen's  Hospital, 
Birmingham.  8vo,  with  64  Bngntvings  and  13  Zlnoo-photographs. 
7s.  6d. 

Methods     of     Operating    for     Cataract     and 

Secondary  Impairments  of  Vision,  with  the  results  of  600  oases. 
By  llajor  G.  H.  FnrK,  H.M.  Indian  Medical  Service.  Crown  8vo, 
with  15  Bngravings,  &s. 

Diseases   of  the  Eye :   a  Practical   Handbook 

for  General  Practitioners  and  Students.  By  Cecil  Edward  Shaw, 
M.D.,  H.Ch.,  Ophthalmic  Surgeon  to  the  Ulster  Hospital  for  Children 
and  Women,  Belfast.  With  a  Test-Card  for  Colour-Bltndness.  Crown 
8vo,  3s.  6d. 

Eyestrain  (commonly  called  Asthenopia).    By 

BmncsT  Clarkk,  M.D.,  B.S.  Lond.,  Surgeon  to  the  Central  London 
Ophthalmic  Hospital,  Surgeon  and  Ophthalmic  Surgeon  to  the 
Miller  Hospital.    Second  Edition.    8vo,  with  22  Illustrations,  6s. 

Diseases  of  the  Ear,  including  the  Anatomy 

and  PhjTsiology  of  the  Organ,  together  with  the  Treatment  of  the 
Affections  of  the  Koee  and  Pharynx,  which  conduce  to  Aural  Disease 
(a  Treatise).  By  T.  Mark  Hoysll,  Aural  Surgeon  to  the  London 
Hospital,  and  Lecturer  on  Diseases  of  the  Throat  in  the  College. 
Second  Bditlon.    8vo,  with  138  Bngravings,  Sis. 
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J.  8f  A.  Churehitt*9  Recent    Work%. 
Diseases  and    Injuries    of  the   Ear.      By   Sir 

WXUUAM  B.  Daiat,  F.B.C.S.,  M.B.*  Consulting  Aural  Surg«on  to 
St.  Oeorge's  Hotpltal.  Fourth  Bditlon.  Crown  8vo,  with  8  Coloured 
PlAtM  and  .%  Wood  Bngravtngs.    10a.  6d. 

Bff  the  aam§  Author. 

Short  Contributions  to  Aural  Surgery,  between 

]R7.Sand  189(K    Third  Edition.    Rvo,  with  Bngravinfirt,  .St. 

A   System   of  Dental  Surgery.     By  Sir  John 

ToMia.  F.R.S..  and  C.  S.  ToMia.  M.A..  F.R.S.  Fourth  Bdltion.  Post 
8vo,with  289  Bnipiivinfft,  lOft. 

Dental  Anatomy,    Human  and  Comparative : 

A  Manual.  By  Chaiulbs  8.  Tomes,  M.A.,  F.R.S.  Fifth  Bdltion. 
Post  8vo,  with  and  Bn((ra\in|Cft,  14t. 

Decay    in    Teeth  :   an    Investigation    into   its 

Cause  and  Prevention.  By  J.  Sim  Wallace.  M.D.,  B.Sc, 
L.D.S.R.C.S.    8vo,  fts. 

Dental    Materia    Medica,   Pharmacology    and 

Therapeutics.  By  Charlks  W.  Olassikgtoh,  M.R.C.S.,  L.D.S. 
Edin.;  Senior  Dental  Surgeon,  Westminster  Hotpltal;  Dental  Sur- 
geon, National  Dental  Hospital,  and  Lecturer  on  Dental  Materia 
Medica  and  Therapeutics  to  the  College.    Crown  8vo,  6s. 

Dental  Medicine :  a  Manual  of  Dental  Materia 

Medica  and  Therapeutics.  By  Ferdifaitd  J.  S.  Qoroab,  M.D., 
D.D.S.,  ProfMsor  of  the  Principles  of  Dental  Science  In  the  University 
of  Maryland.    Sixth  Bditlon.    8vo,  188. 

A  Manual  of  Dental  Metallurgy.     By  Ernest 

A.  Smith,  F.I.C.,  Assistant  Instructor  in  Metallurgy,  Royal  College 
of  Science,  London.    With  87  Illustrations,  crown  8vo,  6b.  6d. 

A    Manual    of    Nitrous    Oxide    Ansesthesia. 

By  J.  Frederick  W.  Silk,  M.D.  Lond.,  M.B.C.S..  Assistant 
Anesthetist  to  Guy's  Hospital,  Amesthetist  to  the  Dental  School  of 
Guy's  Hospital,  and  to  the  Royal  Free  HospiUl.  8vo,  with  20  Bn- 
gravings,  5i. 

Practical   Treatise   on  Mechanical   Dentistry. 

By  Joseph  Rxchard.<!ON,  M.D.,  D.D.S.  Seventh  Bdltion,  revised  and 
edited  by  Qboboe  W.  Warhsk,  D.D.S.  Boyal  8vo,  with  690  Bngrav- 
ings,  a2s. 
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c/.   iff  A.   Churchill's  Mecent    Works. 
A  Handbook   on   Leprosy.     By  S.  P.  Impey, 

I  M.D.,  Inie  Chief  and  Medical  Superintendent,  Bobben  Island  Leper 

I  and  Lunatic  Asylums,  Cape  Colony.    With  38  Plates,  8vo,  Ids. 

I  Diseases    of  the    Skin     (Introduction   to  the 

I  Study  of).    By  P.  H.  Ptk-Smith,  M.D.,  F.B.S.,  F.R.C.P.,  Physician 

to  Guy's  Hospital.    Crown  8vo,  with  36  Bagravinfri,  78.  dd. 

A   Manual  of  Diseases   of  the  Skin,  with  an 

Analysis  of  20,000  Consecutive  Cases  and  a  Fonnulary.    By  Duncak 
B.  BULKLSY,  M.D.,  New  York.    Fourth  Bdltion,  royal  16nio,  tfs.  6d. 

Skin  Diseases  of  Children.     By  Geo.  H.  Pox, 

M.D..  Clinical  Professor  of  Diseases  nf  the  Skin,  College  of  Physicians' 
and  Surgeons,  N««v  York.  With  13  Photogravure  and  Chromographlc 
Plates  and  (50  Illustrations  in  the  Text.    Boyal  8vo,  13s.  6d. 

The  Operative  Surgery  of  Malignant  Disease. 

By  HuniY  T.  BuTUir,  F.B.C.S.,  Surgeon  to  St.  Bartholomew's  Hos- 
pital.   Second  Bdition,  with  12  Engravings.    8vo,  14s. 

By  the  same  Author, 

Malignant  Disease  ^Sarcoma  and  Carcinoma) 

of  the  Larynx.    8vo,  with  5  Bngrevlngs,  6s. 

Al»o. 

Sarcoma    and    Carcinoma  :    their    Pathology, 

Diagnosis,  and  Treatment.    8vo,  with  4  Plates,  8s. 

Cancers  and  the  Cancer  Process :  a  Treatise, 

Practical  and  Theoretic.  By  Hkrbkkt  L.  Snow,  M.D.,  Surgeon  to 
the  Cancer  Hospital,  Brompton.    8vo,  with  15  Plates.    15s. 

By  the  same  Author. 

The    Re-appearance    (Recurrence)    of   Cancer 

after  apparent  Bxtirpation.    8vo,  5s.  6d. 

Also. 

The  Palliative  Treatment  of  Incurable  Cancer. 

Crown  8vo,  3s.  6d. 

The    Diagnosis   and    Treatment    of   Syphilis. 

By  Tom  BoBDrsoir,  M.D.  St.  And.,  Phsrsioian  to  the  Western  Skin 
Hospital.    Second  Bdition.    Crown  8vo,  3s.  6d. 

By  the  same  Author 

The    Diagnosis    and   Treatment    ot    £czema. 

Second  Edition.    Crown  8vo,  3s.  6d. 

Aiso. 

Illustrations    of    Diseases    of  the    Skin    and 

Syphilis,  with  Bemarks.    Fasc.  L  with  .3  Plates.    Imp.  4to.  5s. 
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J.   Sf  A.   ChurehiU^s  Secent    Works, 
Cancerous  AfFections  of  the  Skin    (Epithelioma 

and  Bod«nt  Uloer).  By  Gborok  Thik,  H.D.  Post  Bvo,  with  8  Bnipiiv- 
ings.  Ss.  gy  j^  ^^^^  Author. 

Pathology     and     Treatment     of     Ringworm. 

8vo,  with  31  Bngravlngs,  5«. 

Ringworm,  and  some  other  Scalp  AfFections : 

their  Gaum  and  Cure.    By  Hayd^t  Browv,  L.R.C.P.  Bd.    8vo,  Se. 

Urinary  and  Renal  Derangements  and  Calcu- 
lous Disorder!.  By  Lionel  S.  Bxauk,  F.B.C.F.,  F.R.S.,  Physician  to 
Klnf('s  College  Hospital.    8vo,  5s. 

Chemistry  of  Urine  :    a  Practical  Guide  to  the 

Analvtical  Bxamination  of  Diabetic,  Albuminous,  and  Gouty  Urine. 
Bv  Alfrkd  H.  Allkh.  F.I.C,  F  G.S.,  Public  Analyst  for  the  West 
Riding  of  Yorkshire,  ftc.    8vo,  with  Bngravings,  78. 4d. 

Clinical  Chemistry  of  Urine  (Outlines  of  the). 

By  0.  A.  MacMuitk,  M.A.,  IC.D.  8vo,  vrith  64  Bngravings  and  Plate 
of  Spectra,  9s. 

Diseases  of  the   Male  Organs  of  Generation. 

By  W.  H.  A.  Jaoobson,  M.Oh.Oxon..  F.B.O.S.,  Assistant-Surgeon  to 
Guy's  Hospital.    8vo,  with  88  Bngravings,  2as. 

Atlas  of  Electric  Cystoscopy.      By  Dr.  Emil 

BuROKHABOT,  late  of  the  Surgical  Ollnique  of  the  University  of 
B41e,  and  B.  Hurrt  Fbvwiok,  F.R.C.S.,  Surgeon  to  the  London 
Hospital  and  St.  Peter's  Hospital  for  Stone.  Royal  8vo,  with  34 
Coloured  Plates,  embracing  88  Figures,    ais. 

Electric    Illumination    of    the    Bladder    and 

Urethra,  as  a  Means  of  Diagnosis  of  Obscure  Vesioo-Urethral  Diseases. 
By  B.  HuRBT  Fenwick,  F.R.C.S.,  Surgeon  to  London  Hospital  and 
St.  Peter's  Hospital  for  Stone.  Second  Bdition.  8vo,  with  54  Bn- 
gravings, 6s  6d. 

By  the  Same  Author. 

Tumours  of  the  Urinary  Bladder.    The  Jack- 

sonian  Prize  Bssay  of  1887,  rewritten  with  300  additional  cases.  In 
four  Fasciculi.    Fas.  I.    Royal  8vo,  5s. 

Also. 

Ulceration  of  the  Bladder,  Simple,  Tuber- 
culous, and  Malignant :  a  (Hinlcal  Study.    With  IlhiHtrations,  Kvo,  Ks. 

Also. 

The  Cardinal  Symptoms  of  Urinary  Disease : 

their  Diagnostic  Significance  and  Treatment.  8vo,  with  36  Illustra- 
tions, 8s.  <Sd. 
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By  SIR  HENRY  TH0MP80M,  BART,,  F.R,C.8, 

Diseases    of    the    Urinary    Organs.    Clinical 

Lectures.    Bighth  Bdltion.    Sto,  with  131  Bngnvliiga,  lOs.  0d. 

Some   Important   Points  connected  with  the 

Surgery  of  the  Urinary  Organs.     Lectures  delivered  in  the  R.0.8. 
8vo,  with  44  Bngravings.    Student's  Bdition,  2b.  6d. 

Practical   Lithotomy    and   Lithotrity ;    or,  an 

Inquiry  into  the  Best  Modes  of  Bemoving  Stone  from  the  Bladder. 
Third  Bdition.    8vo,  with  87  Bngravings*  10s. 

The  Preventive  Treatment  of  Calculous  Dis- 
ease, and  the  Use  of  Solvent  Remedies.   Third  Bdition.  Cr.  8vo,  3s.  M. 

Tumours  of  the  Bladder :  their  Nature,  Sym- 
ptoms, and  Surgical  Treatment.    8vo,  with  numerous  Illustrations,  56. 

Stricture  of  the  Urethra,  and  Urinary  Fistulse  : 

their  Pathology  and  Treatment     Fourth  Bdition.    8vo,  with  74  Bn- 
gravings, 6s. 

The    Suprapubic    Operation    of   Opening   the 

Bladder  for  Stone  and  for  Tumours.    8vo,  with  Bngravings,  80. 6d. 


The  Clinical  Examination  of  Urine,  with  an 

Atlas  of  Urinary  Deposits.  By  Likdley  Scott,  M.A.,  M.D.,  with 
41  original  Plates  (mostly  in  colours).    Grown  4to,  158.  net. 

The  Surgical  Diseases  of  the  Genito-Urinary 

Organs,  including  Syphilis.  By  B.  L.  Kxns,  M.D..  Professor  of 
Gienito-Urinary  Surgery,  Syphilology,  and  Dermatology  in  Bellevue 
Hospital  Medical  College,  New  York  (a  revision  of  Van  Burbk  and 
Kktks'  Text-hook).    Roy.  8vo,  with  114  Bngravings,  21s. 

Selected  Papers  on  Stone,  Prostate,  and  other 

Urinary  Disorders.  By  BieiirALD  Habbisow,  F.B.O.S.,  Surgeon  to 
St.  Peter's  Hospital.    8vo,  with  15  Illustrations,  6s. 

Syphilis.  By  Alfred  Cooper,  F.R.C.S.,  Con- 
suiting  Surgeon  to  the  West  London  and  the  Lock  Hospitals.  Second 
Bdition.  Bdited  by  Bdward  Cottkbell,  F.K.C.S.,  Surgeon  (out- 
patients) to  the  London  Lock  Hospital.  8vo,  with  34  Full-page 
Plates  (13  coloured),  18s. 
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J.  ^  A.    Ohure/UU*9  Beceni    Works, 


On  Maternal  Syphilis,  including  the  presence 

and  reoognltlon  of  SyphiliUo  Pelvio  Diaeate  In  Women.  By  Johk 
A.  SMAW-MACKursu,  M.D.    With  Coioured  PlatM.   8vo,  lOt.  6d. 

Diseases  of  the  Rectum  and  Anus.     By  Alfred 

OooPBR,  F.R.C.S.,  Senior  Surgeon  to  St.  Mark's  Hospital  for 
Fistula;  and  F.  SwnrroiiD  Bdwabm,  F.B.C.S.,  Senior  Assistant 
Surgeon  to  St.  Mark's  Hospital.  Second  Bdition,  with  Illustrations. 
8vo,  1^. 

Diseases     of    the    Rectum     and    Anus.     By 

Habbisoh  Orippb,  F.R.G.S.,  Assistant  Surgeon  to  St.  Bartholomew's 
Hospital,  etc.  Second  Bdition.  8vo,  with  13  Lithographic  Plates  and 
numerous  Wood  Bngravings,  ISs.  6d. 

By  tkB  8am9  Author. 

Cancer  of  the  Rectum.    Especially  considered 

with  regard  to  its  Surffloal  Treatment.  Jacksonian  Prize  Bssay. 
Third  Bdition.    8vo,  with  13  Plates  and  several  Wood  Bngravlngs,  6s. 

Al90 

The    Passage    of    Air    and    Faeces   from  the 

Urethra.    8vo,  3s.  6d. 

A  Medical  Vocabulary :  an  Explanation  of  all 

Terms  and  Phrases  used  in  the  various  Departments  of  Medical  Science 
and  Practice,  their  Derivation,  Meaning,  Application,  and  Pronuncia- 
tion. By  B.  G.  Matkii,  M.D.,  LL.D.  Sixth  Bdition,  by  W.  W. 
Wagstaffk,  B.A.,  F.B.G.S.    Crown  8vo,  10s.  6d. 

A  Short  Dictionary  of  Medical  Terms.     Being 

an  Abridgment  of  Mayne's  Vocabulary.    64mo,  3b.  6d. 

Dunglison's    Dictionary    of    Medical    Science. 

Containing  a  full  Explanation  of  its  various  Subjects  and  Terms, 
with  their  Pronunciation,  Accentuation,  and  Derivation.  Twenty- 
second  Bdition.  By  Kichjlrd  J.  Dumolison,  A.M.,  M.D.  "Boyt^  8vo. 
dOs. 

Terminologia  Medica   Polyglotta  :    a    Concise 

International  Dictionary  of  Medical  Terms  (French,  Latin,  Bnglish, 
Oerman,  Italian,  Spanish,  and  Bussian).  By  Thbodorb  Mazwxll, 
M.D.,  B.Sc.,  F.B.C.S.  Bdin.    Boyal  8vo,  16s. 

A    German- English     Dictionary    of    Medical 

Terms.  By  Sir  Fbkdkbiok  Tkkvbb,  K.C.V.O.,  Surgeon  to  the  London 
Hospital ;  and  Hugo  Lang,  B.A.    Crown  8vo,  half-Persian  calf,  ISs. 

A  Handbook  of  Physics  and  Chemistry,  adapted 

to  the  requirements  of  tbe  first  examination  of  the  Ccmjoint  Board 
and  for  general  use.  By  Hebbkbt  B.  Corbiv,  B.Sc.  Lond.,  and  Abghi- 
BALD  M.  Stjewabt,  B.Sc.  Lond.  With  130  Illustrations,  crown  8vo., 
6s.  6d.  — ,  , 
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A  Manual  of  Chemistry,  Theoretical  and  Prac- 
tical. By  William  A.  Tilden,  D.So.,  F.B.S ,  Professor  of  Obemistry 
in  the  Royal  OoUege  of  Science,  London ;  Bxaminer  in  Chemistry  to 
the  Department  of  Bcienoe  and  Art.  With  2  Plates  and  143  Woodcuts, 
crown  8vo,  lOs. 

Chemistry,  Inorganic  and  Organic.    With  £x- 

efiments.  By  Osasles  L.  Blozam.  Bighth  Bdition,  by  Jomr 
ILLAB  Thomson,  F.R.S.,  Professor  of  Chemistry  in  King's  College, 
London,  and  Arthub  O.  Blozam,  Head  of  the  Chemistry  Depart- 
ment, the  Goldsmiths'  Institute,  New  Cross.  8vo,  with  381  Bngrav- 
ings,  18s.  dd. 

By  the  aame  Author, 

Laboratory  Teaching ;  or,  Progressive  Exer- 
cises in  Practical  Chemistry.  Sixth  Bdition,  by  Abtkub  G.  Bloxam. 
Crown  8vo,  with  80  Bngravlngs,  6s.  6d. 

Watts'  Organic  Chemistry.    Edited  by  William 

A.  TiLDSH,  D.Sc,  F.B.S.,  Professor  of  Chemistry,  Royal  College  of 
Science,  London.    Second  Bdition.    Crown  8vo,  10s. 

Practical  Chemistry,  and  Qualitative  Analysis. 

By  Frank  Clowes,  IXSc.  Lond.,  Emeritus  Professor  of  Chemistry  in 
the  University  College,  Nottingham.  Seventh  Bdition.  Post  8vo, 
with  101  Bngravlngs  and  Frontlspieoe,  8s.  6d. 

Quantitative    Analysis.      By    Frank    Clowes, 

D.Sc.  Lond.,  Emeritus  Professor  of  Chemistry  in  the  University  College, 
Nottingham,  and  J.  Bbrrard  Colkmah,  Assoc.  R.  C.  Scl.  Dublin; 
Professor  of  Chemistry,  South-West  London  Polytechnic.  Fifth 
Bdition.    Post  8vo,  with  122  Bngravlngs,  lOs. 

By  the  eame  Authors. 

Elementary  Practical  Chemistry  and  Qualita- 
tive Analysis.    Third  Edition.    With  08  Engravings,  Post  8vo,  3s.  6d. 

Also 

Elementary  Quantitative    Analysis.      With  62 

Bngravlngs,  Post  8vo,  4s.  6d. 

Qualitative  Analysis.  By  R.  Fresenius.  Trans- 
lated by  Charlbs  B.  Orovu,  F.B.S.  Tenth  Bdition.  8vo,  with 
Coloured  Plate  of  Spectra  and  46  Bngravlngs,  15s. 

By  the  same  Author, 

Quantitative  Analysis.     Seventh  Edition. 

Vol.    I.,    Translated   by   A.  Yaohbb.     8vo,   with 

106  Bngravlngs,  15s. 

Vol.  II.,  Translated  by  C.  K  Groves,  F.R.S.    8vo, 

with  143  Bngravlngs,  20s. 
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Inorganic  Chemistry.    By  Sir  Edward  Frank- 

isA3n>,  K.C.B.,  D.C.L.,  LL.D.,  F.R.S.,  and  Fiuirois  R.  Japp,  M^., 
Ph.D.«  F.l.C,  F.R.S.,  Profeitor  of  Ohemiatry  in  the  Univeraity  of 
Aberdeen.   8vo,  with  numerous  Illustrations  on  Btone  and  Wood,  dis. 

Inorganic     Chemistry    (A    System    of).      By 

William  Rambat,  Ph.D.,  F.R.8.,  Professor  of  Ohemistry  in  the 
University  College,  London.    8vo,  with  Engravings,  16s. 

By  ih9  aam€  Author. 

Elementary  Systematic  Chemistry  for  the  Use 

of  Schools  and  Colleges.     With  Bngravings.     Crown  8vo,  4s.  6d. 
Interleaved,  St.  6d. 

Valentin's  Practical  Chemistry  and  Qualitative 

and  Quantitative  Analysis.  Kdited  by  Dr.  W.  R.  Modokikbov, 
F.R.8.JI.,  Professor  ot  Cheniistry  and  Physics  at  the  Royal  Military 
Academy,  and  Artillery  College,  Woolwich.  Ninth  Edition.  8vo,  with 
Engravings  and  Bfap  of  Spectra.    9s.    (The  Tables  sepamtely,  2s.  (jd.) 

Practical  Chemistry,  Part  I.  Qualitative  Exer- 
cises and  Anal3^1cal  Tables  for  Students.  Py  J.  Cam  pbbll  Bbowi«, 
Professor  of  Chemistry  in  Victoria  University  and  University  College, 
Liverpool.    Fourth  Edition.    8vo,  2s.  Od. 

The  Analyst's  Laboratory  Companion  :  a  Col- 
lection of  Tables  and  Data  for  ChemistR  and  StudenU.  By  Alfrbd 
R.  Johnson,  A. R.C. S.I. ,  F.I.C.  Second  Edition.  Crown  avo,  cloth, 
5s. ;  leather,  08.  6d« 

Commercial  Organic  Analysis  :   a  Treatise  on 

the  Properties,  Modes  of  Assaying,  Proximate  Analytical  Examination, 
etc.,  of  the  various  Organic  Chemicals  and  Products  employed  in  the 
Arts,  Manufactures,  Medicine,  etc.     By  Alfred  M.  Allkv,  F.I.C. 

Third  Edition, 
Vol.  I.,  18s. ;  Vol.  II.,  Part  I.,  148. ;  Vol.  IL,  Part 

II.,  Us.;  Vol.  II.,  Part  III.,         ;  Vol.  III.,  Part  I.,  188. 

Second  Edition, 
Vol.  III.,  Pt.  II.,  188.;  Vol.  III.,  Pt.  III.,  IGs. ; 

Vol.  IV.,  completing  the  work,  I89. 

Volumetric  Analysis  (A  Systematic  Hand- 
book of) ;  or  the  Quantitative  Bstimatlon  of  Chemical  Substances  by 
Measure,  applied  to  Liquids,  Solids,  and  Oases.  By  Franoib  Suttov. 
F.C.8.,  F.I.C,  Public  Analyst  for  the  County  of  Norfolk.  Blghth 
BdJtion.    8vo,  with  116  Bngravings,  aOs. 
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Chemical   Technology;   or,    Chemistry  in   its 

Applications  to  Arts  and  Manufactures.  Bdited  by  Cha.ri:.E8  B. 
Obovks,  F.B.S.,  and  William  Thobp,  B.Sc. 

"Vol.  I. — Fuel  and  its  Applications.    By  £•  J. 

Mills,  D.Sc,  F.R.Sm  and  F.  J.  BowiLN,  C.B.    Royal  8vo.  witii 
606  Engravings,  dOs. 

Vol.  II.— Lighting,  Fats  and  Oils,  by  W.  Y. 

Dknt.    Stkabikk  Indubtbt,  by  J.  McAbthttb.    Caudlk  Makt- 
FAOTUSX,   by  L.  Field   and  F.  A.  Field.     The   Pktroleuv 

IXDUSTRT  AlCD  LAMPS,  by  BOVEBTON  REDWOOD.      MllTEBS'  SAFETY 

Lamps,  by  B.  Redwood  and  D.  A.  Louis.    Royal  8vo.  with  3A6 
Bngravings  and  Map,  dOs. 

Vol  IIT. — Gas  Lighting.     By  Charles  Hunt. 

with  2  Plates  and  293  Bngravings,  8vo,  18s. 

Cooley's    Cyclopaedia    of   Practical    Receipts, 

and  Collateral  Information  in  the  Arts,  Manufactures,  Professions, 
and  Trades :  including  Medicine,  Pharmacy,  Hygiene,  and  Domestic 
Boonomy.  Seventh  Bdition,  by  W.  North,  M.A.  Oamb.,  F.0.8. 
2  Vols.,  Roy.  8vo,  with  371  Bngravings,  4as. 

Chemical  Technology :  a  Manual.     By  Rudolf 

voK  WAexKB.  Translated  and  Bdited  by  Sir  William  Obooees, 
F.R.S.,  from  the  Thirteenth  Bnlarged  German  Bdltlon  as  remodelled 
by  Dr.  Febdihamd  Fisckkk.    8vo,  with  506  Bngravings,  328. 

Technological    Handbooks.      Edited  by  John 

aAKDHEE,  F.I.C.,  F.O.S.,  and  James  Oamsboe,  F.I.C. 

Brewing,     Distilling,     and     Wine    Manu- 
facture,   drown  8vo,  with  Bngravings,  6s.  6d. 

Bleaching,    Dyeing,   and    Calico   Printing. 

With  Formula.    Crown  8vo,  with  Bngravings,  5s. 

Oils,   Resins,   and  Varnishes.      Grown  8vo, 

with  Bngravings,  Ts.  6d. 

Soaps  and  Candles.     Crown  Svo,  with  54  En- 
gravings, 7s. 

Chemistry  an   Exact  Mechanical  Philosophy. 

By  Feed.  O.  Bdwabdh.    Illustrated,  8vo,  Ss.  6d. 

The  Quarterly  Journal  of  Microscopical  Science. 

Bdited  by  B.  Rat  LAirKSSTEB,  M.A.,  LL.D.,  F.R.S. ;  with  the  co- 
operation of  Adam  Sedowice,  M.A..  F.R.S..  W.F.  R.  Wkldok,  M.A., 
F.R.S.,  and  Sydney  J.  Hicesoe,  M.A  ,  F.R.8.    Bach  Number,  10s. 
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Methods  and  Formuls  used  in  the  Preparation 

of  Animal  and  Vegetable  TiMuee  for  Microiooploal  BxaminaUon,  in- 
oluding  the  Staining  of  Bacteria.  By  Pstkb  Wti.tt  Squirb,  F.L.6. 
Grown  8vo,  3s.  6d. 

The  Microscope  and  its  Revelations.    By  the 

late  WuAlAM  B.  OuiPKirTKB,  O.B.,  M.D.,  LL.D.,  F.B.S.  Seventh 
Bdition,  by  the  Bev.  W.  H.  Daulivoeb,  LL.D.,  F.B.S.  With  31 
Plates  and  800  Wood  Bngrairlngi.    8vo,  aes.    Half  Oalf,  30s. 

The  Microtomist's  Vade-Mecum  :  a  Handbook 

of  the  Methods  of  Hlorosooplo  Anatomy.  By  Abtkub  Boixbs  Lex. 
Fifth  Bditlon.  8vo,  16s. 

Photo- Micrography  (Guide  to  the  Science  of). 

By  BowuiD  0.  BOVSFISLD,  L.B.O.P.  Lond.  8vo,  with  34  Bngravings 
and  Frontispleoe,  6s. 

A  Treatise    on    Physics.     By   Andrew   Gray, 

Lr>.D.,  F.R.8.,  Professor  of  Natural  Philosophy  In  the  University  of 
Glasgow.  Vol.  I.  Dynamics  and  Properties  of  Matter.  With  350 
Illustrations,  8vo.  15s. 

An   Introduction  to   Physical   Measurements, 

with  Appendices  on  Absolute  Blectrloal  Measurements,  etc.  Bv  Dr. 
F.  KoulrIlUSOK.  Third  Bnglish  Bditlon,  by  T.  H.  Waij.kr,  B.A., 
B.Sc.,  and  H.  R.  Pbootkb,  F.I.0.»  F.C.S.  8vo,  with  91  Illus- 
trations,  las.  6d. 

Tuson's  Veterinary   Pharmacopceiat  including 

the  Outlines  of  Materia  Medica  and  Therapeutics.  Fifth  Bdition 
Bdited  by  Jambs  Bayke,  F.C.S. ,  Professor  of  Chemistry  and 
Toxicology  in  the  Royal  Veterinary  College.    Crown  8vo,  7s.  6d. 

The    Veterinarian's    Pocket    Remembrancer : 

being  Concise  Directions  for  the  Treatment  of  Urgent  or  Bare  Oases, 
By  Gbobok  Armataob,  M.R.O.V.S.     Second  Bdition.    Post  8vo,  3s. 

Chauveau's     Comparative    Anatomy    of    the 

Domesticated  Animals.  Bevised  and  Bnlarged,  with  the  Oo-<n>eration 
of  S.  Arloiko,  Director  of  the  Lyons  Veterinary  School,  and  Bdited 
by  Gborgb  Fuemivo,  O.B.,  LL.D.,  F.B.C.V.S.,  late  Principal  Veteri- 
nary Surgeon  of  the  British  Army.  Second  Bnglish  Bdition.  8vo, 
with  686  Bngmvings,  Sis.  6d. 

Human  Nature,  its  Principles  and  the  Principles 

of  Physiognomy.  By  Physicist.  Part  I.,  Imp.  Idmo,  as.  Part  II. 
completing  the  work),  2s.  6d. 

Encyclopaedia   Medica.    Edited   by  Chalmers 

Watson,  M.B.,  M  R.C.P.B.  In  about  12  Volumes,  aOs.  each  net.  Vols. 
I.  to  VI.  now  ready. 
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Allen's  Ohemiatry  of  Urine,  32 

C!ommereJAl  Organic  Analy- 

•i8,a« 

Armatage's  Veterinary  Pocket  Re- 
membrancer, 38 

Auld's  Researches  in  Pathology,  3 

Barnes'  (R.)  Obetetrio  Operations,  6 

Diseases  of  Women,  6 

Beale  (L.  S.)  on  Liver,  13 

Slight  AllmenU,  13 

Urinary  and  Renal  Derange- 
ments, 33 
Beale    (P.  T.  B.)  on   Blementary 

Blolof^,  3 
Beasleys  Book  of  Prescriptions,  8 

Drngglsta'  (General  Receipt 

Book,  8 

Pharmaoeatical    Formu- 

lary, 8 
Bell  on  Sterility.  6 
Bentley    and    Trimen's    Medicinal 

Plants,  9 
Bentley's  Sj^tematio  Botany,  9 
Berkart's  Bronchial  Asthma,  13 
Bernard  on  Stammering,  14 
Berry's  (Jas.)  Thyroid  Qland,  18 

(R.  J.)  R^onal  Anatomy,  3 

Bigg's  Short  Manual  of  Orthopady, 

Birch's  Practical  Physiolc^y,  3 
Bloxam's  Chemistry,  35 

Laboratory  Teaching,  35 

Bousiield's  Photo-Micrography,  38 
Bowlby's  Injuries  and  Diseases  of 

Kerves,  17 

Surgical   Pathology  and 

Morbid  Anatomy,  17 
Brockbank  on  Gallstones,  15 
Brown's  QBtaydn)  Midwifery,  6 

Ringworm,  23 

Brown's  Practical  Chemistry,  36 
Bryant's  Practice  of  Surgery,  16 
Bulkley  on  Skin,  31 
Burckhardt  and  Fenwlck's  Atlas  of 

Blectrio  Cystoscopy,  33 
Burdett's  Hospitals  and  Asylums  of 
the  World,  4 

Butler-Smythe's  Ovariotomies,  6 
Butlln's  Operative  Surgery  of  Malig- 
nant Disease,  31 

Sarcoma  and  Carcinoma,  31 

Malignant    Disease  of  the 

Larynx,  31 


Bnzsard's  Diseases  of  the  Nervons 
System,  14 

Peripheral  Neuritis,  14 

Simulation  of  Hysteria,  14 

Cameron's  Oils,  Resins,  and  Var- 
nishes, 37 

^^P*  *"*  Candles,  37 

Carpenter  and  Dallinger  on  the  Mi- 

orosoope,38 
Cautley  on  Feeding  Infants,  7 
Charteris'  Practice  of  Medicine,  11 
Chauveau's  Comparative  Anatomy, 

38 
Chevers'  Diseases  of  India,  10 
Churchill's  Face  and  Foot  Deformi- 
ties, 18 
Clarke's  Eyestrain,  19 
Clouston's     Lectures     on     Mental 

Diseases,  4 
Clowes  and  Coleman's  Quantitative 

Analysis,  35 
Clowes  and  Coleman's  Elementary 

Practical  Chemistry,  25 
Clowes'  Practical  Chemlstiy,  35 
Coles  on  Blood,  13 
Cooley's   Cyolopodia  of    Practical 

Receipts,  37 
Cooper's  Syphilis,  33 
Cooper  and  Bdwards'  Diseases  of  the 

Rectum,  34 
Corfoin  and  Stewart's  Physics  and 

Chemistry,  34 
Cripps'  (H.)  Ovariotomy  and  Ab- 
dominal Surgery,  17 

Diseases  of  the  Rectum 

and  Anus.  34 

■ Cancer  of  Rectum,  34 

Air  and  Feces  in  Urethra, 

34 
Cripps'  <B.  A.)  Galenic  Pharmacy,  8 
Cufi  s  Lectures  to  Nurses,  7 
Culllngworth's  Monthly  Nurses,  7 

Dalby's  Diseases  and  Injuries  of  the 
Bar,  30 

Short  Contributions,  30   ' 

Dana  on  Nervous  Diseases,  14 
Day  on  Headaches,  15 
Domville's  Manual  for  Nurses,  7 
Doran's  Gynseoologica!  Operations,  6 
Druitt's  Surgeon's  Vade-Meoum,  16 
Duncan  (A.)  on  Prevention  of  Dis- 
eases in  Tropics.  10 
Dungllson's  Med.  Dictionary,  34 

IContinued  on  next  page. 
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Bdwftrdt'  Ohamiatry.  27 
mUt's  (T.  S.)  Humui  Foot,  18 
BneyolopaedlA  JCodioa.  S8 

FMm's  PrinoiidM  and  PnusUoe  of 

^f  edldiiA,  10 
Fayrer's  Ollmato  and  Feven  of  India, 

10 
Fenwiok  (B.  H.}>  Bleotrio  lUumina- 
tion  of  Bladder,  32 

Symptoms  of  Urinary  Dia- 

6aae,a3 

Tumour*  of  Bladder,  33 

Ulceration  of  Bladder,  33 

Fenwiok'i  (8.)  Medical  Diaffnoait,  13 
^— ^-  Ulcer  of  Stomach,  13 

Obscure  Diseases  of  the 

Abdomen,  13 
OutUnes  of  Medical  Treat- 
ment, 13 

The  Saliva  as  a  Teat,  13 

Fink's  Operating  for  Cataract,  19 
Fowler's    Dictionary    of    Practical 

Medicine,  11 
Fox  (Q.  H.)  on  Skin  Diseases  of 

Children.  31 
Fox  (Wilson),  Atlas  of  Pathological 
Anatomy  of  the  Lungs,  11 

Treatise   on   Diseases   of    the 

Lungs,  11 
Frankland  and    Japp's    Inorganic 

Chemistry,  36 
Fraser's  Operations  on  the  Brain,  16 
Fresenius'  Qualitative  Analysis,  35 
Quantiutive  Analysis,  35 


QalAbin's  Diseases  of  Women,  6 

Manual  of  Midwifery,  5 

Gardner's  Bleaching,  Dyeing,  and 
CaUcoPrinting,  37 

Brewing,  Distilling,  and 

Wine  Manufacture,  37 
Olasslngton's  Dental  Materia  Medi- 

ca.  30 
Qodlee's  Atlas  of  Human  Anatomy,  1 
Goodhart's  Diseases  of  Children,  7 
Oorgas'  Dental  Medicine,  30 
Qowers'  Diagnosis  of  Brain  Disease, 

13 
Diseases    of  Nervous    Sys- 
tem, 13 

Medical  Ophthalmoscopy,  13 

Syphilis  and  the    Nervous 
System,  13 
Granville  on  Gout,  14 
Gray's  Treatise  on  Physics.  33 
Green's  Manual  of  Botany,  9 
^Vegetable  Physiology,  9 


Greenish's  Materia  Medloa,  8 
Groves  and  Thorp's  Chemical  Tech- 
nology, 37 
Guy's  Hospital  Beporta,  11 

Haberahon's  Diseases  of  the  Abdo- 
men, 16 
Halg's  Uric  Add,  18 

Diet  and  Food,  4 

Harley  on  Diseases  of  the  Liver,  14 


Harris's  (V.  D.)  Diseases  of  Chest,  11 
Harrison's  Urinary  Organs,  33 
Hartridge's  Bef  raotion  of  the  Bye,  19 
-Ophthalmoscope,  19 


Hawthorne's    Galenical 

tions,  8 

Heath's  Injuries  and  Diseases  of  the 
Jaws,  17 

Minor  Surgnry  and  Ban- 

daging, 17 

Operative  Surgery,  17 

Practical  Anatomy,  1 

Surgical  Diagnosis,  17 

Medley's  Therapeutic  Kiecr.riclty,  9 
Hellier's  Notes  on   Gyn»oological 

Nursing,  7 
Hewlett's  £cteriology,  4 
Hill  on  Cerebral  Circulation,  8 
Holden's  Human  Osteology,  I 

Landmarks,  1 

Holthouse  on  Strabismus,  18 
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